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Case Engineering Scores Again 
with a Tractor That’s Set a New 


for Fuel 
Economy 


Case engineers . . . dedicated to the objective of 
giving farmers a 4-plow tractor without equal 
in performance, power and economy... 
have climaxed their efforts in the new 8-speed 
Case “400.” Evidence of this achievement rests in recent, 
impartial Nebraska tests. Results show conclusively that the Case 
“400” is the all-time champion for low fuel consumption. With its Case- 
designed Powrdyne engine, more power was produced per pound of 
gasoline than any other tractor in the whole history of these official trials. 
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a Fuel economy is only one form of savings 
found in today’s finest tractor in the 50-horse- 

ower class. One of the many other examples 
is its Powr-Range transmission with eight 
overlapping gear speeds that keep power in 
balance with load. For all the exciting facts see 
your Case dealer or write for catalog and copy 
of World’s Record report to J. I. Case Co., 
Racine, Wis. 
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package unit 
hay rake bearings... 
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SPECIFICALLY DESIGNED 
FOR AGRICULTURAL SERVICE 
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As roller bar side-delivery rakes increase in popularity, farm 
implement manufacturers have been quick to recognize the ad- 
vantages of BCA package unit Hay Rake Bearings. Design 
efficiency, ease of installation, and low cost, explain why these 
lubricated-for-life, triple-sealed ball bearing units have been 
written into so many specifications. 


BCA package unit ball bearings have been thoroughly implement- 
proved in all kinds of weather, under all soil conditions. If you 
have a bearing problem, BCA design assistance and engineering 
cooperation will help you find the solution. 


BEARINGS COMPANY OF AMERICA 
DIVISION OF FEDERAL-MOGUL-BOWER BEARINGS, INC. 


LANCASTER + PENNSYLVANIA 


Pioneers of pre-lubricated package unit ball bearings for agriculture 
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CAT’ D2 


‘ a acannon enttatteamaenet nn is art 


...for “do-it-yourself” 
conservation farmers! 


a | 
- 2a - ‘ 

TODAY ... the man with a Cat Diesel Farm —" 4a 

Tractor is truly boss of his farm! He has the hl 

diesel economy, crawler traction, and big ) . 

working capacity needed for greater farming & 

efficiency. He also has the basic means of put- y de 

ting his conservation program into practice. Si 


The Cat D2 Tractor has helped many .  -« ~ eo , , FY 
farmers to make better use of their time and ' ; 
manpower. Caterpillar builds five larger sizes, 
50 to 230 drawbar HP. Ask your Caterpillar 
Dealer for a farm power analysis and details 
on the equipment that fits the job. 


oi i 
CATERPILLAR TRACTOR Co., Peoria, Illinois, U.S.A. » 5 38 drawbar HP 


i i bss § ae 

ae ona eg 

Oo + eam i es - 2 

RECLAIM, IMPROVE LAND... D2 with Tool Bar Bulldozer fits PULL BIG IMPLEMENTS .. . D2 conserves manpower, time and 


needs of many conservation farmers, since it handles such jobs as fuel by pulling wide, deep hitches or handling several tools at once. 
building dams, digging ditches and trench silos, forming land. Ideal for breaking new land, stubble-mulching, working rough ground. 


FREE BOOKLET: 

Farm TRACTORS AND BiG HITCHES... 
see how farmers have cut their operating 
costs by using big equipment pulled by Cat 
Diesel Tractors. See your Dealer or write 


S. ty Pr 7 > Caterpillar Tractor Co., Dept. AE76, 
ee on ee ee ¥ . : : 
Maca. Veal ans Peoria, Iil. 


CATERPILLAR’ 


Caterpillar and Cot are Registered Trademarks of Caterpillar Tractor Co. 


DO PRECISION WORK . .. Tool Bar tillage offers great ease 
and accuracy of control. Cat “Swing-Around” Tool Bar is quickly 
adjustable from bulldozer to rear-mounted tools. 
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1. DISTRIBUTION OF 
LOAD WITHIN THE BEARING 


Rollers are subjected to load only while in the “load 
zone,” with maximum load while on the line of action 
of the bearing load, as shown in dia- 
gram 1. The theoretically perfect “load 
zone”’ extends from —90° to +90° from 
the line of action, but this is neither 
ractical nor necessarily desirable. 
nder normal loadings, the actual “load 
zone” may range from 90° to 120°, de- 
pending on load and mounted internal 
clearance. This distributes the load so 
the load on the heaviest-loaded roller is 
approximately 5/N times the bearing 
load, where N is number of rollers. 


ONE OF A SERIES... 


What makes a 
cylindrical roller 


bearing good? 


The RIGHT 
ROLLER DESIGN 
and QUALITY 
CONTROL 


2. DISTRIBUTION OF LOAD WITH- 
IN ROLLER’S AREA OF CONTACT 


A cylinder deflects locally in the region of engagement 
when loaded between flat plates. The plate also deflects, 
so the original line of engagement is 
broadened into a “dog-boned” area 
under load, as shown in diagram 2. 
Moreover, deflected cylinders must 
gather in metal at their ends in two 
planes, and this end-loading effect can 
seriously reduce the life of a cylindrical 
roller bearing. All HYATT rollers have 
mpeg corner radii or blended cham- 
ers to reduce end effect; and all 
HYATT Hy-Load rollers also have 
crowning to allow the contact area to 
“fade out” evenly (diagram 3). 


The design and quality of the rollers play a 


large part in the performance of a cdl wee GS Re Son HN ee a Re me 


cylindrical roller bearing. At right are some 3. DISTRIBUTION OF 


LOAD ACROSS ROLLER 


The unit load on any roller is uniformly distributed 
axially except at the crowned ends where it drops off 
to zero as shown in diagram 4. The 
summation of unit loads represented by 
area A is the total roller load. This 
same load under misalignment results 
in an area equal to area A; but maxi- 
mum unit load is considerably greater 
and the bearing will have a shorter 
life than a properly aligned one. When 
the same total ve fs applied to an un- 
crowned roller, an even higher unit load 
results. This demonstrates the value of 
crowning when misalignment occurs. 


of the vital factors which must be considered. 


All these factors are scrupulously controlled by 
the most modern precision equipment to 

insure maximum performance and life for every 
HYATT Roller Bearing. You’ll find more details 
in HYATT General Catalog No. 150, or your 
nearby HYATT Sales Engineer will gladly help 


you choose the type best suited to your 


requirements. Remember, HYATT is America’s 


first and foremost maker of cylindrical roller ee ee 
bearings. Hyatt Bearings Division 


G@. EFFECT OF ROLLER QUALITY 
ON BEARING PERFORMANCE 


Lack of roller quality control has a very adverse effect 
on performance: 1. A roller with excessive taper tends to 
uneven load distribution and abnormal 
temperature rise. 2. A roller with ex- 
cessive end square tends to noisy bear- 
ing performance. 3. A roller with ex- 
cessive two-point out-of-round tends to 
poor segregation and poor bearing life. 
4. A roller with excessive three-point 
out-of-round tends to noisy bearing 
operation. 5. A roller with poor finis 

tends to wear on all operating surfaces 
and noisy operation. 6. A bearing with 
excessive roller-to-roller diameter varia- 
tion tends to poor bearing life. 7. A 
bearing with excessive roller-to-roller length variation 
tends to poor thrust capacity, abnormal temperature rise. 


of General Motors, Harrison, New Jersey. 


ROLLER BEARINGS | 
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Up a Tree on Chain Selections? 


No need to be! Consult your CHAIN Belt Man. He has a 
lot of new data at his finger tips . .. new developments in 
agricultural chains, attachments and sprockets. Some of 
these new ideas and products can get you back on the 
ground ... help you design your equipment for lower 
cost... better performance. 

CHAIN Belt agricultural engineers have been doing a 
lot of work on implement chains... working out stronger, 


c 
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better, lower cost chains. Be sure you have all the data 
when you start work on a new modelor improve a 
present one. 

Call your local CHAIN Belt Man or write CHAIN Belt 
Company, 4680 W. Greenfield Ave., Milwaukee 1, Wis., 
for your copy of Agricultural Chain Catalog No. 54-54. 
Our engineers will be happy to discuss your chain se- 
lection and application problems with you. 


HAI N BELT COMPANY 


District Sales Offices in all principal cities 
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New peanut combine harvests 


Four Dayton V-Belts power main drive of new Lilliston 


Traveling along windrows at 3-5 mph, the new Peanut 
Combine manufactured by The Lilliston Implement Co., 
Albany, Georgia, is setting harvesting records that are al- 
most unbelievable. Averaging an acre an hour, this amazing 
combine is fast replacing the old, costly, time-consuming 
method of harvesting “‘by hand,” which required eleven 
men. Now, with Lilliston-mechanized harvesting, only two 
men are required, saving farmers up to 80% in labor costs, 
of approximately $40 per acre. 


Even more important, harvesting can now be completed 
early in the fall when the weather—and the price—is right. 
There’s no waiting for hard-to-get manpower, and harvest- 
ing itself takes a comparatively few days. Because of 
speedier harvesting, land is cleared and ready for other crops 
60-90 days earlier than ever before. Nuts grade higher, too, 
because of Lilliston’s special carding and picking principle. 


Compact and maneuverable, the combine is powered by a 
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25 hp air-cooled engine mounted well up out of dust and dirt. 


Dayton V-Belts and Dayton engineering assistance are 
saving money for Lilliston on every combine. Originally the 
Main Drive was equipped with six wrapped V-Belts, but 
Lilliston engineers felt that necessary power could be trans- 
mitted more economically. Dayton V-Belt engineers were 
asked for a recommendation. After a study of the horse- 
power requirements and other factors involved, Dayton 
engineers were able to show Lilliston how to transmit the 
same power, which was demanding six belts, with only four 
“B” section Dayton V-Belts. This could be done because 
of Dayton V-Belts’ greater strength and durability. 


After rigorous tests, Lilliston enthusiastically approved 
Dayton’s four belt drive for the peanut combine. So well 
have Dayton V-Belts proved themselves in actual field 
operation that all Lilliston Peanut Combines are now 100% 
Dayton-equipped. 
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an acre hour 


peanut combine 


Dayton V-Belts and Dayton engineering assistance can 
help you, too in solving power transmission problems. 
Write Dayton Rubber Co., Agricultural Div., Dayton 1, Ohio. 


Transmitting full uniform power to the Main Drive on Lillis- ’ 
ton’s new Peanut Combine are four perfectly matched “B” 
section Dayton V-Belts. The multi-ply construction, with 

special super-strong rayon cords, gives them the extra strength f 
which, in the case of Lilliston’s Peanut Combine, enables four 
Dayton V-Belts to do the work of six ordinary belts. 
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YEARS OF PROGRESS 
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Agricultural Sales Engineers in Chicago, 
Dayton, New York, San Francisco, 
Cleveland and St. Louis 
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©1956 Rochester 
Manufacturing Co., Inc, 


Accurate and dependable daily per- 
formance, regardless of weather, terrain or season—and 
long trouble-free service. These are the engine gauge 
requirements for today’s more-rugged-than-ever farm 
tractors, and Rochester makes the instruments that 
meet them with room to spare. 


Just how well RMC Engine Gauges 
meet these rugged requirements is best told by the fact 
that 9 out of 10 major tractor manufacturers use them 
consistently——for generator current, temperature, fuel 
level or oil pressure indication. Manufacturers of other 
off-the-highway equipment, too, know from experience 
that RMC Instruments will match the performance of 
their most rugged equipment — under all conditions. 


Manufacturers: TELL US YOUR REQUIREMENTS FOR DIRECT 
MOUNTING AND REMOTE INDICATING INSTRUMENTS, AND 
LET RMC ENGINEERING SKILL PROVIDE THE ANSWERS! 


99 ROCKWOOD STREET ° 


Look to RMC for Full-Line 
Instrumentation 


LP-GAS GAUGES 


PRESSURE SWITCHES 


This RMC Pressure Switch will 
stand heavy pulsating pres- 
sures, has close on-off differ- 
entials, maintains consistent 
cut-in, cut-out settings. What 
are your pressure switch 
problems? 


(and Anhydrous Ammonia) 


Ilustrated here is a Liquid 
Level Gauge for LPG powered 
equipment, storage tanks or 
Anhydrous Ammonia Applica- 
tors. What are your tank 
gauge requirements? 


ROCHESTER 10, N.Y. 
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Sold Only As Manufacturer's Original Equipment. 
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For many implements, leading manufacturers 


lite ili é / 99 . e 
switch to “AG” roller chain 


without altering design, sprockets or performance 


There may be a place for this 
economical LINK-BELT 
chain on your equipment, too 


There are thousands of farm machines manufactured today 
that could achieve their efficiency at lower cost with Link- 
Belt “AG” Roller Chain. It intercouples and is interchange- 
able with ASA double pitch roller chain and is built with 
the same durability. 

This widely accepted chain offers many of the manufactur- 
ing extras that make Link-Belt Precision Steel Roller Chain 
outstanding. Maximum wear-life is assured by uniform heat 
treatment of parts and controlled press fits. Also retained is 
the lock-type bushing feature—Link-Belt’s successful answer 
to a common cause of joint stiffness. 

“AG” chain is available in 1”, 14%” and 11%” pitches, 
with straight or relieved sidebars for conveying or transmit- 
ting power. For information on this or Link-Belt double 
pitch precision steel roller chain, call the Link-Belt office 


LINK<@}BELT 


CHAINS AND SPROCKETS 
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Conveyor Corn picking is one of the 

series tougher services chain encoun- 
ters in the implement field, and 
John Deere uses Link-Belt “AG” 
chain for its Two-Row Mounted 
Picker. Besides F attachment 
shown, others are available for 
specific conveying jobs. 


Looking for the BEST chain for a specific need? 
LINK-BELT makes the complete line 


Double- 
Pitch 
Precision j 
Steel 
Rolier 
Chain 


Ne Link-Belt a. 


Steel Roller 
cn 


Cut and Cast 


\ A 
=)" Tooth Sprock «'s 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1, 
To Serve Industry There Are Link-Belt Plants, Sales Offices, Stock Car- 
rying Factory Branch Stores and Distributors in All Principal Cities. 
Export Office: New York 7; Canada, Scarboro (Toronto 13); Australia, 
Marrickville, N.S.W.; South Africa, Springs. 
out the World. 


Representatives Through- 
13,959 


457 


ss cee ee tee agree Oe en eee re eae ee he, paso a hee a : © peter 
: itaytres to. eee ne Rae re: Weare yf gh ote 8 tae Bae: . : ‘ 
= ae Sy ae . Rye Se het ea <2 e we he ey ¢ 5 Pits, b kh bt cy has Sak <5 e, hs A: hy ait Mis whad + y 5 7 . 
is ae Pe peeere re see Ts oR ce Rae Py a i ee OD 8 arg Bea Mebee O F 
. RR An Maire Bee rig” eB re Po Ce BD rear lee OR No aS ik 
Me oa ee ap skligetee eC neo? ee ) mas Sal ene 44 age Ty ey 
7 2 oe - 2 A ta 0 EES ak Gh ES ate CET VINES pf! HST a oh Ye ied Pere ae { 
ki San 20 Uae A ent aaa SSE Dros pe td SESE EE REE EE dt Mace 
0 a no AE kamera Seis eet hn geet dake oe | 
a A ee re cdl yrht Seale ee eames Ail OF Ft ys ath | ah fe: rh cnet 6/5 te od 
| me NTE a pert eel? Stee Of Sex BRS ess at | 
Pen aM biti. hate ras . e D ig ok, ay ie Ye: _ ee <i ’ . A tie F\ Bi %: ; £5 ee ae aed, ne 
f ee ee, Fe EN Ee a 7a) ll eon RES ee 
a ere % 4 ~ w >, ie ct x is +! » re ss “ * —- ° i \. Rac ph * oP . ee. 
: epee a Ab eee Ff) ae! ee 
BIR oat in af Met do BSCR ae 
ae ye » ae) oping EN t >) at e q . ei +) 4 | “y a pts ped 3 i? See a “ial ES ery x 25 
x Mace = ae ee. ie ye ae. a ee Be eke are 
: ORE * Ae oF (uae SS | as ae “tg Ga ; gy . ae 1 ~ . 4 EN tay > es ; 
em oye Fae pee.” a i | fe at mea a ae ra Bo a Oe 
os OE Nees ad jy eZ | Re Pt  — et 39 gE NENT hee che 
: ae Vie Aa oe # Ca! Arnie sh Og con 
@ Ee ) na Pate a Ae. ee i) pce ag se " ee oh Fees Peg Pas oY ates ea ma 
ge, eee Y — oe ga ee i oD RNS aed 
is a fj Ca ead f. +) me oe 2 —— ' - aoe tS PSS, eee  Seate 
Ms PR ON 4 ae * ee GS FEROS, Ro 
ce Fb he ot gy 44 es 3 Te ‘ Gres | ae a oP ok Pines he a gy Ee Pe. 
Prd gat A Ne Te eon ee | 
. ee er ea ie ses, (t f rata =f BS y oo Fe gig Ye OY eS he oy 
pa BAe ae asa Pee.’ see 0s Pa PR 
& - ‘. Ree pc oy im! \ Sori “va Pa ei: EF Nae 
: s “ee ey ¢ i” F 5 as ie Ly &, wo 
. { 4 Bes 1 3 oS /’ 2? =e ~ = 
4 SONOS ot oe hn % 4 cree 
. oe | ee 8 ei Se 
‘ eh, a, a dae hae Ji ot tay rm a 
pra, i, ee “Pe ‘| Poke if Ai a Fes 
et we a *, aN i ‘ : “3 es ¥ 44 (7 La : 
Oi Os PSs | dhts sy as f OY 
Hi . So E oe % - - YK > 
fe 0°—ti“(‘i<i HE Oe Ce Ra 
ie. oa se ee en BP ( nn aS 
week: . Ri ho iS SA OS a se BF] gah Om RENE Ne 
sea et So. | a ee < inca ac * Be ee CM if eee 
' a A) phi oil, id ¥ rik are) “ wart at % SSNS ; 
' = aS = io Gre 1S ara IANS Sart 
: | 
“pba 
ya 
Sy |, “SRE * iia} 
Load yo a i f 
é {ee ee Pp at 
WAS Pe 
- ae | a 
: Ole i) Os 
: Wt pee bball a 
a eo oa *% % 
{ - “ S q Pe gs 4 - 
4 recision 1 » 
| — . ere 
oy) OE 
J In "\ S 1 
a % “wed 
" 
a 
ee — 
eC 
= 
egal 


RESEARCH ¢ DESIGN ¢ METALLURGY ¢ PRECISION MANUFACTURING 


Our 56 years of specialized experience is part of every one 
of the millions of sleeve bearings we produce each year. It 
means that each of these bearings will meet the most 
exacting requirements of practically every type of auto- 
motive, industrial and agricultural equipment. We maintain 


complete facilities for research and engineering, and quality 


control in all of our plants. 


SINCE 1899 
FEDERAL-MOGUL-BOWER BEARINGS, INC., 11081 SHOEMAKER, DETROIT 13, MICHIGAN 
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“THIS STURDY, convenient 
building is ideal for grain 
storage, machine shelter 
and shop facilities,” says 
F. M. Greathouse of 
Garden City, Kansas. 
“I'd recommend it to 
any farmer in Kansas, 
or any other state for 
that matter. Its great 
structural strength per- 


- yeaa 


— piling grain 11 ft. 2 iat 

igh, is adequate for vil ie - 
overhead crane for pull- UW ie wd “oh IM fold al Ny 
ing motors. This build- Aes ny Pee wee q 
ing should last a life- . a S > aS oe 
time, with a minimum of as... NO> > al 
care. It’s mighty good- ¥ “fy 


looking too.” 


IN FAMOUS BUTLER FARM BUILDINGS 


Roof purlins of USS MAN-TEN Steel 


increase load-bearing capacity 12%, 
cost less to use than carhon steel 


USS MAN-TEN Steel has higher 
strength with a yield point one and 
one-half times that of plain carbon 
steel. That is why the Butler Manu- 
facturing Company, Kansas City, 
Mo., is making generous use of USS 
Man-TEN in purlins, girts and eave 
struts in their steel farm buildings. 
For, by using high strength steels in 
these members, they are able to ob- 
tain more effective strength per dol- 
lar—greater economy than with any 
other material. 

Here is what Butler Manufactur- 
ing reports: “We originally started 
making these purlins of 14-gage car- 
bon steel, which — when properly 
spaced—carried a roof load of 15 lbs. 
per sq. ft. They weighed 62 lbs. each. 

“As our business expanded, there 
was a need to furnish buildings capa- 


ble of carrying heavier roof loads, so 
we turned to high strength steels. 
Now, made with 14-gage USS Man- 
TEN Steel, our purlins weigh no more 
than before, but can support a load 
of 26 Ibs. per sq. ft. To obtain this 
greater strength with carbon steel 
would require a member weighing 
some 93 lbs. 

“We figure that on an average size 
Butler farm building—40 x 60 x 14— 
the saving of 31 lbs. per purlin re- 
sults in a saving of 1600 Ibs. of steel. 
This not only makes erection easier 
but materially reduces freight costs 
on the steel as well. 

“To this can be added important 
savings in steel costs. The MAN-TEN 
Steel eave struts, for example, cost 
83 cents less per piece—and purlins 
cost 97 cents less.” 


UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


* USS COR-TEN »* 


USS TRI-TEN 


i RE STE Pek 


This application of USS High Strength 
Steel is typical. In these superior steels 
—USS Man-Ten, USS Cor-TEen and 
USS Tri-TeEN—manufacturers of farm 
structures and equipment used on farms 
have at their disposal three service- 
tested steels that will permit them to 
materially increase the serviceability of 
their products at little or no increase in 
cost—and frequently at a saving. Find 
out how readily they can be applied to 
increase the strength and durability or 
provide longer life in vital parts of your 
equipment. 
e . e 

Send for a free copy of our 174-page 
“Design Manual for High Strength 
Steels.” You'll find it extremely useful. 
Simply write to United States Steel 
Corporation, Room 5422, 525 William 
Penn Place, Pittsburgh 30, Pa. 


UNITED STATES STEEL CORPORATION, PITTSBURGH - AMERICAN STEEL & WIRE DIVISION, CLEVELAND - COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 


NATIONAL TUBE DIVISION, PITTSBURGH - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. - UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


USS HIGH STRENGTH STEELS 


USS MAN-TEN 
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Morse Chain products chosen exclusively 
for world’s toughest harvesting job! 


“Sugar field equipment gets the toughest 
use and abuse of any agricultural machin- 
ery. For utmost dependability in vital chain 
drives and couplings in any equipment we 
make, we specify Morse.” 


P92. Re 


Mr. E. J. Thiac, Secretary 
Thomson Machinery Company 
Thidobaux, Louisiana 
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Sugar field machinery must “take it,” 
for a breakdown can mean serious crop 
loss. Used under the worst possible con- 
ditions of weather and terrain, it is 
subject to unusually severe wear. 


Significantly, Thomson Machinery Com- 
pany, world’s largest producer of this 
specialized equipment, specifies Morse 
wherever they employ chain drives, 
sprockets, and couplings. Since 1942, 


Thomson Hurrycane Sugar Cane Harvester. Harvests 300 tons per day; they have depended on Morse quality 


es 150 field hands. Uses 25 separate Morse Chain Drives, scores of exclusively—have never had a Morse 
roller chain couplings and Morflex Flexible Couplings. 


Chain failure on their equipment. 


Morse makes a complete line of roller 
chain, featuring a complete selection 
of special attachments for agricultural 
equipment. Morse engineers are foremost 
in developing special-purpose chains; 
have led in keeping pace with changing 
agricultural requirements for years. 


Free Design, Engineering Help 


Morse stands ready to aid in any phase 
of your product development which 
involves power transmission. Call, write 
or wire today for immediate action. 


MORSE CHAIN COMPANY 


MORSE PRODUCTS FOR AGRICULTURAL EQUIPMENT INDUSTRIAL SALES DIVISION 
Morse Roller Chain Drive. Special Morse Silent Chain Coupling, Mor- 
deals sdk chan, said oa flex. Flexible Geauting, adicomiine ITHACA, N.Y. 
ing variety of special attachments. Morse Torque Limiter. 


POWER TRANSMISSION 
PRODUCTS 
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How Armco Stainless Steel can help you 
with your sprayer design problems 


Today’s farm sprayers must be con- 
structed to meet more rugged service 
than ever before. This is why: 


1. Increasing use of liquid fertilizers. 


2. Greater use of insecticides, fungicides, 
herbicides, and other pesticides. 


3. More emphasis on concentrate sprays. 


These trends mean more annual hours 
of sprayer use with chemicals that are 
often highly corrosive. One way to 
assure long, trouble-free service life 
in your sprayer equipment is to use 
Armco Stainless Steel for vital parts. 


RESULTS OF TESTS 
Here are the findings of three inde- 
pendent agencies that made tests with 
stainless steel: 


U. S. Department of Agriculture reports, 
“Types 304 and 316 stainless steels 
were highly resistant in all tests” con- 
ducted with a variety of pesticides. 


Aircraft Research Center, Texas Engi- 
neering Experiment Station, reported, 
“In the partially submerged tests, Type 
302 stainless steel demonstrated com- 
plete resistance to corrosion through- 
out the test period.” (In atmospheric 
tests Type 302 stainless steel exhibited 
excellent resistance, with a very slight 


Stainless steel in all nozzle parts helps main- 
tain proper operation and long service life. 
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This farm sprayer has stainless steel in all parts that 
come into contact with corrosive spray materials, 


metal damage observed in the case of 
only one of 30 formulations tested.) 


University of Manitoba, Winnipeg, 
Canada, exposed 21 metal samples to 
six pesticides. Stainless steel showed 
“no change” in all solutions. 


MAINTAINS ACCURATE DIMENSIONS 


By using Armco Stainless Steel in 
sprayer nozzles, for example, you don’t 
have to worry about corrosion either 
enlarging or stopping up nozzle or- 
ifices. You can select a grade of stain- 
less for these parts that combines 
corrosion resistance with high hard- 
ness. Then with stainless steel strainers 
to keep foreign matter from clogging 
openings, you can design for accurate 
metering over a longer period. 

Other vital sprayer equipment parts 
where Armco Stainless Steel provides 
long service life are flow control, pres- 
sure regulating, by-pass, shut-off, 
check, and safety valves, as well as 
pumps, tanks, and tubing. 


ASSURES TOP-NOTCH OPERATION 


Armco Stainless Steel in these parts 
will help you design sprayers that as- 
sure your customers proper operation 
for a longer time. Stainless protects 
against corrosion that could change 
delivery rates, thus waste costly chem- 
icals, or damage crops by spraying 
too little or too much, 


WRITE FOR INFORMATION 
For complete information on Armco 
Stainless Steels, just fill in and mail 
the coupon. Armco engineers are ready 
to work with you in determining the 
stainless steel grades that will meet 
your requirements. 


Stainless steel nozzles can be threaded to fit 
into frame sections of sprayers. Here, hoses 
fit over stainless tubing welded to nozzles. 
Hose clamps are also stainless steel. 


| 
ARMCO STEEL CORPORATION 
1846 Curtis Street, Middletown, Ohio 


Send me your catalog, “Armco Stainless 
Steels" 


We design 


Zone___ State 


7—\ 
CORPORATION hd 


1846 Curtis Street, Middletown, Ohio « 
Sheffield Steel Division * Armco Drain- 
age & Metal Products, Inc. ¢ The Armco 
International Corporation 
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»FAFNIR TRI- PLY-SEAL. 
BALL &E BEARINGS 


for disc implements 


LT Tee he ee 


i; ae 


A choice of round or square bores in Fafnir Tri-Ply- 
Seal Ball Bearings permits disc implement manu- 
facturers to equip for reduced bearing maintenance 
and wear — and lower production costs — regard- 
less of the type of shaft used. 

Constructed with integral Tri-Ply-Seals, these 
Fafnir Bearings provide positive protection against 
dirt and moisture. They are pre-packed with long- 
life lubricant which never needs to be replaced... 
saving farmers costly maintenance 
time, trouble, and expense. They 
cut production costs by eliminat- 


“with round or r Square shafts 4 


ing the need for cartridge-type housing seals 
. .. make possible simpler, more compact mount- 
ings. 

Fafnir Tri-Ply-Seal Ball Bearings are available in 
self-aligning and rigid types to meet all housing re- 
quirements. Built to stand up under punishing loads, 
they have shock-resistant rings, large-size balls, deep 
races, and extra width for greater shaft support. 
Write for bulletin showing typical applications and 
complete specifications. The Fafnir 
Bearing Company, New Britain, 
Connecticut. 


BALL BEARINGS 


MOST COMPLETE 
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ee No. 1-PR HEAVY-DUTY 
2-ME HEAVY-DUTY : 1-ROW PULL-TYPE PICKER 
2-ROW MOUNTED PICKER 


When you are an IH dealer, you have 


SALES OPPORTUNITY WV 


2-ROW PULL-TYPE PICKER 


... because there are 7 McCormick’ 
pickers and snappers to meet every 


prospect’s corn harvesting needs 


international Harvester products pay for themselves in use—McCormick 
Farm Equipment and Farmall Tractors ... Motor Trucks... Crawler and 
® Utility Tractors and Power Units—General Office, Chicago 1, Illinois 


be INTERNATIONAL HARVESTER 


34HM-20 LOW-COST 
2-ROW MOUNTED PICKER 


2C-11 1-ROW 2C-10 LOW-COST 
MOUNTED SNAPPER 34HM-21 2-ROW MOUNTED SNAPPER 1-ROW MOUNTED PICKER 
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Products of 
French & Hecht 
Division of 
Kelsey-Hayes 


for the workhorses of modern agriculture 


From the monsters of the fields to the highway 
vehicles that whisk the final product off to market 
—wheels are vital to the speed and efficiency of 
modern mechanized farming. 


Making wheels for agriculture is a Kelsey-Hayes 
specialty that started 67 years ago at the French & 
Hecht Farm Implement and Wheel Division in Daven- 
port, lowa. 


KELSEY-HA 


Kelsey-Hayes Wheel Co., Detroit 32, Mich. ¢ Major Supplier to the Automotive, Aviation and Agricultural Industries 
TEN PLANTS Ms Detroit and Jackson, Michigan; McKeesport, Pa.; Los Angeles, Calif.; Windsor, Ontario, Canada ¢ Davenport, lowa 
(French & Hecht Farm Implement and Wheel Division) © Springfield, Ohio (SPECO Aviation, Electronics and Machine Tool Division) 
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On materials handling machines used by 


| sia 


SS gg «=: Baker-Raulang 


... by the armed forces ... 


nah “ 


cant tng OY boneless of aie... aercecagel 
J BLOOD BROTHERS 
| UNIVERSAL JOINTS 


are first choice! 


On all kinds of materials handling equipment, dependable 
Blood Brothers Universals have won “first choice’’ reputa- 
tions. This success results in part from close cooperation 
between our engineers and the men who design the ma- 
chines . . . with the mutual goal of superior performance for 
the end user. 


When you have a power transmis- 
sion problem — large or small —con- 
tact Blood Brothers’ engineers for 
suggestions. They'll gladly work 
with you... just write or call. 


BLOOD BROTHERS UNIVERSAL JOINTS 
MACHINE DIVISION ae lw 


ROCKWELL SPRING AND AXLE COMPANY ASSEMBLIES 
ALLEGAN, MICHIGAN 


Towmotor 
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Chrysler Industrial Engines are indus- 
trial engines designed and factory- 
equipped for irrigation service. Their 
popularity with farmers is well deserved 
—the reward for years of dependable 
top horsepower operation in irrigation 
service. 


Chrysler Irrigation Engines meet 
manufacturers’ requirements for water heavy-duty, high-speed irrigation engines. 
flow at specified lifts, for continuous See a Chrysler Industrial Engine Dealer or 
operation. Optimum yields result when write direct for complete information: 
both pump and power meet the farmer’s Dept. 167, Industrial Engine Division, Chrysler 
needs. Install Chrysler, cool-running, Corporation, Trenton, Michigan. 
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INDUSTRIAL ENGINES 
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HORSEPOWER 


PEDIGREE 
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A big step toward Better Farm Power— 


Talk ‘‘Power Transmission’”’ with Clark 


For more than half a century the 
engineering resources and creative 
energies of Clark Equipment have 
been focused-on this Vital Area of 
machine performance: Engine Power 
Transmission. 


Several manufacturers of agricul- 
tural, industrial and automotive 
equipment are sharing the rich bene- 
fits of that specialization: benefits 
such as more work done, lower cost 
of doing it, greatly reduced main- 
tenance, longer-lived equipment. 
These sum up neatly in “Better 
Value for a Dollar.” 


Among equipment builders cash- 
ing those benefits is Clark itself, 
through its own end-product ma- 
chines: fork-lift trucks, straddle 
carriers, industrial towing tractors 
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and powered hand-trucks for mate- 
rials handling; and tractor shovels, 
turbo-dozers and excavator cranes 
for the construction industry. No 
user is more appreciative of those 
benefits than Clark, nor recognizes 
them more clearly as inevitable re- 
sults of unique experience and 
straight thinking. 


For this is the new approach by 
modern engineering: To think not 
of component units, no matter how 
skilfully assembled—but rather in 
terms of a complete, integrated 
power-train of functional design to 


EQUIPMI 


do a bigger job better and cheaper. 


You can say this now of a grow- 
ing number of modern machines— 
our own and others, for agricultural 
and industrial uses: 


e@ From engine flywheel to point 
of torque application— power 
train designed and manufac- 
tured by Clark Equipment. 


It’s a vital step, yet easy, toward 
basic improvement of your product 
—and costs not a cent: Arrange to 
talk “Power Transmission’”’ with the 
engineers of Clark. Write a letter. 


CLARK EQUIPMENT COMPANY 


MENT Automotive Division 


Buchanan 1, Michigan 
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the Answer to the 64-DISC Question: 
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Ingersoll Dura-Notch discs team up with a special 
Rome plow to chop up heavy brush 


Ingersoll 


INGERSOLL PRODUCTS DIVISION 


BORG-WARNER CORPORATION « CHICAGO 43, ILLINOIS 
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When it comes to discs for its 25’ Hinge Type Offset Harrow squad- 
ron, Rome Plow Company finds the answer in 64 big, husky 
Ingersoll Dura-Notch discs. For special purpose disc plows, too— 
such as shown at the left—Rome also specifies Dura-Notch. 

It’s easy to see why. Dura-Notch discs team up with heavy duty 
equipment to tear into tough chores, make quick work of large 
acreage, keep going without failure. 

That’s because they’re made tougher to be tougher, through and 
through. And the big reason is right in the notches. Ingersoll makes 
them by an exclusive patented method that completely eliminates 
the need for grinding the cut-out. So they’re extra strong—far more 
resistant to heavy impact. 

What’s more, Dura-Notch discs are made of Tem-Cross® steel 
. . . Ingersoll’s special steel that’s cross-rolled for top resistance to 
splitting, curling and abrasion. And they’re specially heat-treated 
and tempered for just the right hardness without brittleness. 

Made only by Ingersoll—to your own implement maker’s speci- 
fications, for both original equipment and replacement use. So—to 
be sure you get Dura-Notch quality for your customers, order them 
direct from your implement manufacturer. 
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36 South Wabash, Chicago 3, Illinois 


SPECIALISTS IN TILLAGE STEELS e WORLD’S LARGEST 
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Export Sales: Borg-Warner International 
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Tile-Trenching Machine Performance 
G. O. Schwab, R. K. Frevert, and L. L. DeVries 


Member ASAE Member ASAE 


soil and climatic conditions, the tile-trenching machine 

in most areas has largely replaced hand methods of 
tile installation. Although a tile-trenching machine (assum- 
ing a crew of three men and a depth of 4 ft) can install 
about four times as much tile as three hand tilers, such a 
machine must not only install a considerable amount of tile 
to justify the large investment involved, but it must be man- 
aged so as to provide the maximum accomplishment with a 
minimal cost. Some of the problems relating to the perform- 
ance and operation of tile-trenching machines are discussed 
in this paper. 


F: all but some small jobs and for occasional adverse 


Requirements of a Tile-Trenching Machine 


A tile-trenching machine should fulfill the following 
desirable functional requirements: 
© Operate efficiently in a variety of soil conditions 
¢ Have ample wheel or track area in contact with the soil so as 
to operate on relatively soft ground 
e Dig accurately to grade, especially in non-uniform soils 
e Have a power-driven device for maintaining grade which is 
easy to control, positive in action, and capable of lifting the 
digging mechanism from the trench in sticky or caving soil 
Provide a V-shaped or curved 
bottom with an alignment 
groove (keel) in the trench 
so that ordinary bedding 
conditions (load factor 1.5 
based on the three-edge- 
bearing test) are obtained 
e Cut a trench to grade with 
one pass of the ground 
e Excavate a trench wide 
enough to allow sufficient 
side clearance to insert the 
tile without delaying ma- 
chine operations 
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Data on performance and operating costs 
of tile-trenching machines, gathered over a 
four-year period, provide valuable aids in 
evaluating the economics of machine tiling. 


e Place the spoil far enough away from the machine so that it 
does not roll or fall back into the trench 
¢ Start a trench from an open ditch 


e Start a lateral drain from another tile line with a minimum 
of hand labor 


© Dig a trench as close as 20 ft to or from a fence line or other 
obstruction 
e Turn a curve with a radius of 300 ft (about a 19-deg curve) 
© Operate for long periods of time without breakdowns or 
recurring mechanical failure 
e Be provided with a safety clutch or breakpin on the digging 
mechanism 
© Be moved easily and quickly from job to job 
¢ Be put into operation easily and quickly after reaching the 
job site. 
General Classes of Trenching Machines 
According to Yarnell (6)*, tile-trenching machines may 
be divided into four general classes as illustrated in Fig. 1: 
(a2) wheel -type machines, 
(4) endless - chain excavators, 
(c) hoe (scraper) excavators, 
and (d) plows and scoops. 
The wheel and endless-chain 
excavators are by far the most 
common. Hoe excavators in- 
clude machines of the hoe and 
dragline type. They are suit- 
able for making deep cuts or 
for installing large-size tile. 
Plows and scoops may be 
pulled through the trench to 
loosen the soil, or the machine 
may carry the soil out of the 
trench. These machines re- 
quire several trips through the 
trench to excavate it to grade. 
Generally they are not suit- 
able where the soil is extremely 
dry, where the sides of the 
trench are subject to caving, 
and where the depth of cut is 
in excess of 3 or 4 ft. 


SLANT Boom 
-FENOLESS CHAIN < 


Source of Data 
The data presented here 
were obtained during the 4- 


~-HOoE — 
to the drainage contractors who Fig. 1 General classes of trenching machines. Modified from *Numbers in parentheses refer 


to the appended references. 
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year period (1947-51) from a series of field observations 
of wheel and endless-chain trenching machines and from 
questionnaires sent to contractors. Light-weight machines 
mounted on tractors or wheeled vehicles were not included 
in this study. Several machines produced by four prominent 
manufacturers were observed in Iowa and southern Minne- 
sota. For a period of three years, accurate records were kept 
on the operational cost of one wheel-type machine. In 1950 
a “‘service recorder’ was placed on this machine for the 
purpose of determining the extent and causes of time loss. 
Questionnaires sent to contractors were returned by 45 oper- 
ators in 1947, 49 in 1949, and six in 1951. 


Rate of Installation 


Factors Affecting the Rate of Installation. The factors 
which influence the rate of installation of tile-trenching ma- 
chines include: depth and width of the trench, character- 
istics of the machine, soil and moisture conditions, skill of 
the operator, and size and efficiency of the crew. The depth 
of installation is generally more important than the width of 
cut. Heavy machines with large power units probably have 
less reduction in digging speed with depth than lightweight 
machines, especially those with small power units. Charac- 
teristics of the machine which influence the rate of installa- 
tion are the make, age, and mechanical condition. Buckets or 
teeth on the digging mechanism which are bent or badly 
worn result in greater power consumption and lower effi- 
ciency. Soil properties which influence the rate of installa- 
tion are moisture content, hardness, cohesiveness, texture, 
structure, and condition of the soil surface. Although vege- 
tation normally has little effect, large roots or dense plant 
cover may cause delays by clogging the digging mechanism. 
The skill of the operator is very important, e.g., good judg- 
ment is required in selecting the proper digging speed for 
the machine. Operating a machine in a gear slower than 
necessary may reduce the daily output by several hundred 
feet. The skill and efficiency of the crew is likewise impor- 
tant in reducing unnecessary time loss. 


Continuous Rate of Digging. The rate of continuous 
digging for 10-min periods was observed for several makes 
of machines in many soil conditions. More complete data 
were recorded for a selected wheel-type machine listed as 
machine A in Fig. 2. The performance data of each machine 
observed are given in Fig. 2. For the observations in a rela- 
tively uniform Webster soil in the same field for this se- 
lected wheel-type trencher, all soil and machine variables 
except the digging speed and the depth were held as nearly 
constant as practical. For these conditions the sokd dots in 
Fig. 2 show the results for this machine at depths varying 
from 2.7 to 5.2 ft. The best fitting curve for these observa- 
tions as reported by DeVries (2) is represented by a third- 
degree polynominal equation. By statistical analysis DeVries 
(2) found that 83.1 percent of the variation of the data is 
due to the depth. For the same data a linear regression line 
accounted for 67.8 percent of the variation. There is a con- 
centration of solid dots at the 450 fph and at the 200 fph 
rate. At each of these two speeds the machine has two gears 
which give nearly the same ground speed. Since these con- 
centrations of data are a characteristic of the machine, it is 
doubtful that the third-degree curve gives a more accurate 
depth-speed relationship for all makes of machines and all 
soils than the linear equation. Observations by Ohlson (4) 
indicate that from about 2.6 to 3.9 ft the depth did not af- 
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fect the speed appreciably, but where the depth varied from 
3.9 to 5.5 ft, the rate of digging decreased with increasing 
depth. 

If all observations are analyzed statistically for the four 
makes of machines in all soil conditions, the rate of digging 
(Y) as a function of the depth (X) can be represented by 
the linear regression equation, Y=768—114X. Of the 
100 observations shown in Fig. 2, the range in digging speed 
varied from 90 to 960 fph. Although no attempt was made 
to eliminate variables other than depth, except for the one 
machine, the data for the different makes of machines did 
not differ significantly. Therefore, the linear regression 
curve, Y=768—-114X, does not include differences among 
the machines. Because the data for all observations include 
machine, soil, and other variables, which were eliminated 
from the observations on the one machine, only 33.8 percent 
of the variation of digging speed with depth is explained 
by the linear equation. Although the width of cut varied 
slightly for different machines, a trench for 4, 5, or 6-in tile 
was dug in practically all instances. Other causes for varia- 
tion in the data may be attributed to soil texture, moisture 
content, mechanical condition of the trenching machine, or 
other factors. While no attempt was made in this analysis 
to evaluate the effect of these factors, earlier studies by Beach 
(1) indicated that soil texture, moisture content, and soil 
hardness were of only minor importance in comparison to 


the effect of depth on digging speed. 


Time Loss. Continuous digging rates do not represent 
the daily or even the hourly capacity of a machine since de- 
lays in operation are not taken into account. Accurate rec- 
ords of the time loss for the selected wheel-type machine 
during a season of operation are indicated in Fig. 3. Of the 
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Fig. 2 Effect of depth on continuous digging rates for tile-trenching 
machines 
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Fig.3 Annual use and time loss for a tile-trenching machine 
operating in Iowa and southern Minnesota 


220 days during the working season, there were 185 avail- 
able working days and 35 Sundays and holidays. If an addi- 
tional 35 days (185 x 18.9 percent) are lost due to weather, 
only 150 days are available for operating the machine. Re- 
sults from questionnaires indicate that 150 days annual use is 
about average for trenching machines in Iowa and Min- 
nesota. Ohlson (4) in Sweden also based his cost estimates 
on 150 days annual use. 

The distribution of the 185 available working days is 
indicated in Fig. 3. The machine was actually operating 
only 34.4 percent of the time; the remaining 65.6 percent is 
time lost due to weather, repairs, junctions, moving the 
machine, servicing, and miscellaneous items. Other investi- 
gators have found that the time loss is quite high. For ex- 
ample, Yarnell (6) reported that the time loss for 15 ma- 
chines operating in New York during 1918 was about 60 
percent not including time loss due to weather. 


Daily Rates of Digging. If it is assumed that 65.6 per- 
cent of the time is lost, the rate of digging per 8-hr day 
based on the regression equation shown in Fig. 2 is 1,170 ft 
at a depth of 3 ft, 860 ft at a depth of 4 ft, and 545 ft at a 
depth of 5 ft. In Sweden, Ohlson (4) found that the av- 
erage rate of installation per 8-hr day for soils of different 
texture was a follows: Clay-moraine, 525 ft per day; very 
heavy to medium clay, 1,170 ft per day; light clay and sand, 
1,430 ft per day; and peat, 1,610 ft per day. 


Cost of Operation 

The cost of operation for ditching machines during the 
period 1947-51 was obtained by a survey of contractors 
and from accurate records for one wheel-type machine over 
a period of three years. The average annual use in days 
and the feet of digging per season, respectively, from the 
questionnaire were 133 days and 124,000 ft and for the 
one machine 164.5 days and 177,300 ft. Thus, the one 
machine on which records were kept was in use considerably 
more than the average. 

The cost of operating tile-trenching machines may be 
divided into fixed and variable costs. The average cost of 
operation for a 3-year period for the one machine is indi- 
cated in Fig. 4. The percentage of the total operating cost 
and the cost per lineal foot are indicated for each item. 
The average total cost of operation per season was $16,311, 
the cost per day $100.40, and the cost per foot 9.3 cents. 

Fixed costs represented 28.2 percent of the total. In this 
analysis the depreciation was computed by the straight-line 
method using an average life of 5 years and 10 percent of 
the original cost as the salvage value. The results of the 
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questionnaire indicated that the average machine life was 7.5 
years, which is somewhat higher than 6.16 years as used by 
Ohlson (4) in his analysis. The interest charge was com- 
puted at 6 percent on the average investment. Insurance and 
taxes include property tax and fire, tippage, and theft insur- 
ance, as well as liability insurance. The charge for manage- 
ment includes such services as surveying and mapping, 
supervision, bookkeeping, and collecting accounts. The 
charge for management was arbitrarily set at $300 per 
month for 9 months. 

The variable costs which represent 71.8 percent of the 
total include labor, fuel, repairs, transportation of personnel, 
and moving of the machine from job to job. The charge for 
labor includes servicing and operating the machine, laying 
and blinding the tile, and minor repair work. In addition 
1.5 percent of the gross payroll is included for employment 
tax and 3.32 percent for workmen’s compensation insurance. 
For this analysis a crew of four men was used most of the 
time, but only three were available part of the time. The 
questionnaire indicated similar results, that is, an average 
size crew of 3.3 men. The cost for fuel also includes lubri- 
cating oil and grease. The repair cost consists of the charge 
for parts, freight, and labor not performed by the crew. 
The total repair cost for the one machine was $2,077 as 
compared to the average of $2,300 as determined by the 
1951 questionnaire. Contractors who do not keep accurate 
records apparently underestimated their repair cost as much 
as 60 to 70 percent of the actual cost. Transportation 
charges include travel for taking the crew to work, for 
planning and surveying, in collecting bills, and for obtain- 
ing repairs. The rental trucking charge for moving the 
machine within a radius of 30 miles averaged about $25 
per move. 

The effect of footage per season on the total annual cost 
of operation and the unit cost per foot for the above con- 
ditions is given in Fig. 5. The greater the annual use, the 
less the cost per foot. For example, increasing the footage 
from 14,000 to 200,000 ft per year will reduce the cost per 
foot from 40 to 8.79 cents. 

It should be remembered that the costs presented here 
are for the period and conditions of these observations. 
Costs could be considerably higher or lower, depending 
upon climatic and economic conditions. Also, the costs pre- 
sented do not make any allowance for profit to offset the 
financial risk involved. 


INSURANCE 8 TAXES 09 
or \ 


INTEREST 


no 


' 
° 
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INTEREST 6% 
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Fig. 4 Operating costs for tile-trenching machines. (Upper number 
shows the percent of the total cost, and the lower number is the 
cost per lineal foot.) 
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Charging for Overdepth 
A comparison of different methods of charging for over- 
depth is shown in Table 1. The most common method in 


TABLE 1. COMPARISON OF METHODS OF CHARGING 
FOR OVERDEPTH 
Based on constant charge 
Based on data of 10 cents per lineal foot 
in this study per foot of overdepth below 4 ft 
Depth Relative Dollar value Relative *Dollar value 
feet charge, percent per 100 ft* charge percent per 100 ft 
3.0 3 $10.22 100 $14.00 
3:5 85 11.90 100 14.00 
4.0 100 14.00 100 14.00 
4.5 122 17.08 136 19.00 
5.0 158 22.12 171 24.00 
5 221 30.94 207 


29.00 


*Based on $14.00 per 100 ft for a depth of 4 ft. _ 


use is a constant charge for each increment of overdepth as 
shown in the last column of the table. These prices are 
based on a charge of $14.00 for 4-ft depth and 10¢ per 
lineal foot per foot of overdepth below 4 ft. The relative 
charge based on the capacity of the machine (Fig. 2) is 
taken as 100 percent at the 4-ft depth. The resulting relative 
charge at 3.0 ft is 73 percent and at 5.5 ft 221 percent. Be- 
cause of the possibility of more time loss and wear on the 
machine at greater depths, a charge higher than that based 
on the capacity of the machine may be justified. The relative 
charge at a depth of 3 ft, based on the data in this study, is 
27 percent less than at 4 ft, but many contractors in Iowa 
and Minnesota have the same price for depths less than 4 ft. 
Since soil variations may have considerable effect on digging 
speeds and time loss, it is difficult to make specific recom- 
mendations in charging for overdepth. As indicated in 
Table 1, for depths over 4 ft, a constant charge of 10¢ per 
lineal foot per foot of overdepth is within 11 percent of the 
prices computed in column 3, which are based on continuous 
digging rates in Fig. 2. 


Summary and Conclusions 

These data on trenching-machine operation are based 
primarily on field observations and on questionnaires sent to 
contractors. In Iowa and southern Minnesota, 100 observa- 
tions were obtained on four makes of wheel and endless- 
chain machines during a four-year period. Time loss studies 
were made in 1950 on one machine, and detailed records 
on the cost of operation of this machine were kept for a 
period of three years. 

For depths from 3 to 5 ft the continuous rate of digging, 
Y, for average conditions can be expressed by the equation, 
Y =768—114X, where X is the depth in feet. Thus, in- 
creasing the depth 1 ft decreases the digging speed 114 fph. 
Increasing the depth from 3 to 5 ft decreased the digging 
speed 53.5 percent. 

Under Iowa and southern Minnesota conditions there 
are about 185 available working days per year. These studies 
indicate that a trenching machine operates only 34.4 percent 
of this time; the remaining 65.6 percent is lost because of 
weather, repairs, making of junctions, moving and servicing 
the machine, and miscellaneous causes. Decreasing the 
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Fig. 5 Effect of annual use on the cost of operating tile-trenching 
machines. From DeVries(2) 


amount of time lost by 30 min per day can decrease the cost 
per foot by about 10 percent. 

The total average cost of operation for the one machine 
during a 3-year period was $16,311 per season, $100.40 
per day, and 9.3 cents per foot. The average annual use of 
the machine was 164.5 days, an average of 1,070 ft were in- 
stalled per day, and the total footage per season was 177,300 
feet. For this footage the fixed costs averaged 28.2 percent 
of the total cost of operation, and the variable costs 71.8 per- 
cent. A questionnaire sent to contractors indicated an annual 
average use of 133 days and a total footage per season of 
124,000 ft. 


At a basic charge of $14 per 100 ft at a depth of 4 ft, a 
constant charge of 10 cents per lineal foot per foot of over- 
depth is within 11 percent of overdepth charge based on 
continuous digging rates given in Fig. 2. For the continuous 
digging rates the relative charge for overdepth for each 
0.5 ft increase in depth below 4 ft is 22, 36, and 63 percent, 
respectively (column 2, Table 1), compared to a uniform 
increase of 35.7 percent for a constant charge of 10 cents 
per linear foot, shown in column 4 of Table 1. 
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Estimating Hydraulic Roughness Coefficients 
Woody L. Cowan 


coefficient » involves, first, the selection of a basic value 

for » for a straight, uniform, smooth channel in the 
natural materials involved, then, through critical considera- 
tion of five primary factors affecting , the selection of a 
modifying value associated with each factor. The modifying 
values are added to the basic value to obtain » for the chan- 
nel under consideration. 

The procedures described in this paper were developed 
for the estimation of the roughness coefficient » in Man- 
ning’s formula. This formula is now widely used, it is 
simple to apply, and it is regarded as reliable for hydraulic 
determinations in open channels. 

In general, it is easier to estimate » for pipes and lined 
channels than for natural channels. In the case of pipes or 
lined channels a given situation will afford specific informa- 
tion on such factors as size and shape of cross section, align- 
ment, type and condition of the material forming the wetted 
perimeter. Definite knowledge of these factors, associated 
with published results of experimental investigations and 
experience, makes possible selection of ” values within rea- 
sonably well-defined limits of probable error. In the case of 
natural streams or channels excavated in natural materials, 
where the channel characteristics and conditions are more 
varied and complexly interrelated, the estimate of ” is more 
difficult to make. 

There seems to have developed a tendency to regard the 
selection of » for natural channels as either an arbitrary or 
an intuitive process. This probably results from the rather 
cursory treatment of the roughness coefficient in most widely 
used hydraulic textbooks and handbooks. The limited num- 
ber of widely distributed reports on cases where 7 values 
have been derived from reliable discharge measurements may 
also contribute to the rather arbitrary methods of 7 selection 
that are often used. 

The fact is that realistic estimates of » for natural chan- 
nels require the exercise of critical judgment in the evalua- 
tion of the factors that influence 7. In most projects the need 
for good » values justifies the adoption of a systematic 
estimation procedure. 


‘T= suggested procedure for estimating the roughness 


Factors Affecting Value of n 


The roughness coefficient is used to express quantitatively 
the degree of retardation of flow. The value of » indicates 
not only the roughness of the wetted perimeter but also the 
effect of all types of irregularity. Houk* and Ganguillet and 
Kutter? support this interpetation of the significance of 7. 
It may, therefore, be stated that ” is used to indicate the 
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The selection or estimation of roughness co- 
efficients is an important phase of hydraulic 
determinations associated with natural streams, 
floodways and similar channels. This paper 
describes a procedure for making estimates of 
roughness coefficients. The method of ap- 
proach is systematic and rational in character. 


net effect of all factors causing retardation of flow in a reach 
of channel under consideration. 

Some reports and technical papers have pointed out 
that the value of » depends on as many as 8 or 10 factors. 
This procedure was developed on the assumption that realis- 
tic estimates of » may be made through recognition of five 
primary factors: irregularity of the surfaces of the channel 
sides and bottom; variations in shape and size of cross sec- 
tions; obstructions; vegetation; meandering of channel. 


Procedure for Estimating n 

The procedure involves, first, the selection of a basic 
value of » for a straight, uniform, smooth channel in the 
natural materials involved, then, through consideration of 
the five factors listed above, the selection of a modifying 
value associated with each factor. The modifying values are 
added to the basic value to obtain 7. 

In the selection of the modifying values it is important 
that each factor be given independent consideration. It 
should be remembered that ” represents a quantitative ex- 
pression of retardation of flow. Turbulence of flow can, in a 
sense, be visualized as a general measure or indicator of re- 
tardance. Therefore, in each case, more critical judgment 
may be exercised if it is recognized that, as the conditions 
associated with a given factor change so as to induce greater 
turbulence, there should be an increase in the modifying 
value. A discussion and tabulated guide to the selection of 
modifying values for each factor are given under the fol- 
lowing procedural steps: 


Step 1, selection of basic n value. This step requires 
the selection of a basic » value for a straight, uniform, 
smooth channel in the natural materials involved. The selec- 
tion involves consideration of what may be regarded as a 
hypothetical channel. The conditions of straight alignment, 
uniform cross section, and smooth side and bottom surfaces 
should be kept in mind. Thus the basic »” will be visualized 
as varying only with the materials forming the sides and 
bottom of the channel. The minimum values of » shown by 
reported test results for the best channels in earth are in the 
range from 0.016 to 0.018. Practical limitations associated 
with maintaining smooth and uniform channels in earth 
indicate that 0.02 is a realistic basic 7. The basic », as it is 
intended for use in this procedure, for natural or excavated 
channels, may be selected from the table that follows. 
Where the bottom and sides of a channel are of different 
materials, this fact may be recognized in selecting the basic ». 
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Character of Channel Basic n 
Channels in earth 0.02 
Channels cut into rock 0.025 
Channels in fine gravel 0.024 
Channels in coarse gravel 0.028 


Step 2, Selection of modifying value for surface irreg- 
ularity. The selection is based on the degree of roughness or 
irregularity of the surfaces of channel sides and bottom. 
Surface irregularity is considered, first, in relation to the 
degree of surface smoothness attainable in the natural ma- 
terials involved and, second, in relation to the depths of flow 
under consideration. Actual surface irregularity comparable 
to the best surface to be expected of the natural materials in- 
volved calls for a modifying value of zero. Higher degrees 
of irregularity induce turbulence and call for increased 
modifying values. The table that follows may be used as a 
guide to the selection. 


Degree of 
irregularity 


Smooth 


Surfaces comparable to 
The best attainable for the ma- 
terials involved 
Good dredged channels, slightly 


eroded or scoured side slopes of 
canals or drainage channels 


Fair to poor dredged channels, 
moderately sloughed or eroded 
side slopes of canals or drainage 
channels 


Badly sloughed banks of natural 
streams ; badly eroded or sloughed 
sides of canals or drainage chan- 
nels; unshaped, jagged and irreg- 
ular surfaces of channels exca- 
vated in rock 


Modifying value 


000 
Minor 


0.005 
Moderate 


0.010 
Severe 


0.020 


Step 3, Selection of modifying value for variations in 
shape and size of cross section. In considering changes in 
size of cross sections, judge the approximate magnitude of 
change in relation to the average section. Changes of con- 
siderable magnitude, if they are gradual and uniform, do 
not cause significant turbulence. The greater turbulence is 
associated with alternating large and small sections where 
the changes are abrupt. The degree of effect of size changes 
may be best visualized by considering it to depend primarily 
on the frequency with which large and small sections alter- 
nate and secondarily on the magnitude of the changes. 


In the case of shape variations, consider the degree to 
which the changes cause the greatest depth of flow to move 
from side to side of the channel. Shape changes causing the 
greatest turbulence are those for which shifts of the main 
flow from side to side occur in distances short enough to 
produce eddies and upstream currents in the shallower por- 
tions of those sections where the maximum depth of flow is 
near either side. Selection of modifying values may be 
based on the following guide: 


Character of variations of 


size and shape of cross sections Modifying value 


Change in size or shape occurring gradually 0.000 
Large and small sections alternating occasionally or 

shape changes causing occasional shifting of main 

flow from side to side 0.005 


Large and small sections alternating frequently or 
shape changes causing frequent shifting of main 


flow from side to side 0.010 to 


0.015 


Step 4, Selection of modifying value for obstructions. 
The selection is based on the presence and characteristics of 
obstructions such as debris deposits, stumps, exposed roots, 
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boulders, fallen and lodged logs. Care should be taken that 
conditions considered in other steps are not re-evaluated or 
double-counted by this step. In judging the relative effect of 
obstructions, consider (a) the degree to which the obstruc- 
tions occupy or reduce the average cross sectional area, (b) 
the character of obstructions (sharp-edged or angular objects 
induce greater turbulence than curved, smooth-surfaced ob- 
jects), and (c) the position and spacing of obstructions 
transversely and longitudinally in the reach under considera- 
tion. The following table may be used as a guide to the 
selection: 


Relative effect of obstructions Modifying value 


Negligible 0.000 

Minor 0.010 to 0.015 
Appreciable 0.020 to 0.030 
Severe 0.040 to 0.060 


Step 5, Selection of modifying value for vegetation. The 
retarding effect of vegetation is probably due primarily to the 
turbulence induced as the water flows around and between 
the limbs, stems and foliage, and secondarily, to reduction 
in cross section. As depth and velocity of flow increase, 
the force of the flowing water tends to bend the vegetation. 
Therefore, the ability of vegetation to cause turbulence is 
partly related to its resistance to bending. Furthermore, the 
amount and character of foliage, that is, growing-season 
condition versus dormant-season condition, are important. 
In judging the retarding effect of vegetation, critical con- 
sideration should be given to the following: height in rela- 
tion to depth of flow; capacity to resist bending; the degree 
to which the cross section is occupied or blocked out; the 
transverse and longitudinal distribution of vegetation of 
different types, densities and heights in the reach under con- 
sideration. The following table may be used as a guide to 
selection of the modifying value: 


Vegetation and flow 
coniitions comparable to: 

Dense growths of flexible turf grasses 
or weeds, of which Bermuda grass 
and bluegrass are examples, where 
the average depth of flow is two or 
more times the height of the vege- 
tation. 

Supple seedling tree switches such as 
willow, cottonwood or salt cedar 
where the average depth of flow is 
three or more times the height of 
the vegetation. 


Turf grasses where the average depth 
of flow is one to two times the 
height of the vegetation. 


Stemmy grasses, weeds or tree seedlings 
with moderate cover where the av- 
erage depth of flow is two to three 
times the height of the vegetation. 

Brushy growths, moderately dense, sim- 
ilar to willows one to two years old, 
dormant season, along side slopes 
with no significant vegetation along 
bottom, where the hydraulic radius 
is greater than two. 

Turf grasses where the average depth 
of flow is about equal to the ‘height 
of vegetation. 


Willow or cottonwood trees 8 to 10 
years old intergrown with some 
weeds and brush, dormant season, 
where the hydraulic radius is 2 to 4 ft. 


Bushy willows about one year old 
interwoven with some weeds in full 
foliage along side slopes, no signif- 
icant vegetation along channel bot- 
tom where hydraulic radius is 2 to 4 ft. 


Degree of 
effect on n 


Range in 
modifying value 


Low 0.005 to 0.010 


Medium _—0.010 to 0.025 


High 0.025 to 0.050 
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Turf grasses where the average depth 

of flow is less than one-half the 

height of the vegetation. 
Bushy willows about one year old in- 

tergrown with weeds along side 

slopes, dense growth of cattails along 

channel bottom, all vegetation in 

full foliage, any value of hydraulic 

radius up to 10 or 12 ft. 
Trees intergrown with weeds and 

brush, all vegetation in full foliage, 

any value of hydraulic radius up to 

10 or 12 ft. Very high 0.050 to 0.0100 

Step 6, Determination of the modifying value for meand- 
ering of channel. The modifying value for meandering may 
be estimated as follows: Add the basic » for step 1 and the 
modifying values for steps 2 through 5 to obtain the sub- 
total 7,. Determine the ratio of the meander length of the 
channel to the straight length of the reach. Compute the 
modifying value for meandering in accordance with the 
following table: 
Ratio of 


meander length 


to straight length Degree of meander Modifying value 


1.0 to 1.2 Minor 0.000 
1.2 to 1.5 Appreciable 0.15 n, 
1.5 and greater Severe 0.30 n, 


Where lengths for determining the approximate value of 
the ratio of meander length to straight length are not readily 
obtainable, the degree of meander can usually be judged 
with sufficient accuracy. 

Step 7, Computation of n for the reach. The value of 
for the reach is the sum of the values determined in steps 1 
through 6. 

A sample computation of » for a channel reach is pre- 
sented below. This illustration is based on a case reported 
in U.S. Department of Agriculture Technical Bulletin No. 
129t¢ which is designated South Forked Deer River at Camp- 
bell’s Levee Road near Jackson, Tenn., Old Crooked River 
Channel. The following description of the test reach is 
quoted from Table 3, page 32 of the Bulletin: “Course, very 
crooked, containing four distinct curves; 705 ft long at low 
water. Cross section, large variations in shape; for variation 
in size, see fig. 6, M. Side slopes, very irregular. Bottom, 
very irregular and full of holes. Soil, sandy clay loam. Con- 
dition, many roots, trees, and bushes on sides, and many logs, 
large trees and other drift on bottom; trees are continually 
falling into channel, due to caving banks. (PI. 10, B and 


fig. 5, M.)” 
Estimation of n: 
Step Remarks Modifying values 
1 Basic m, channel in earth 0.020 
2 Description indicates severe irregularity 0.020 
3 Description indicates changes in size 
and shape have high effect 0.010 
4 Description indicates obstructions have 
severe effect 0.040 
5 Description indicates vegetation has 
medium effect 0.025 
6 Subtotal ”,=0.115 
Description indicates severe meander 
(0.30 X 0.115) 0.034 
7 Estimated n for the reach 0.149 


Note: USDA Technical Bulletin No. 129 reports test values 
of n for this channel ranging from 0.140 to 0.162. 


Cases Involving Both Channel and Overbank Flow 
Work with natural streams and floodways often requires 

consideration of a wide range of discharges. At the higher 

t''Flow of Water In Drainage Channels,” by C. E. Ramser, USDA 


Technical Bulletin, No. 129, U.S. Government Printing Office, 
Washington, D. C., Nov., 1929. 
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stages both channel and overbank or floodplain flow are in- 
volved. Normally the conditions are such that the channel 
and floodplain have different degrees of retardance and, 
therefore, different » values. In such cases the quality of 
the hydraulic determinations will be improved by dividing 
the cross sections into parts or subdivisions. 

In the majority of natural streams and similar channels, 
n tends to decrease as stage increases up to, or somewhat 
above, the bankfull stage, then to increase with further 
increases in stage. This statement is based on a study of an 
appreciable number of reported cases where » has been 
determined for a relatively wide range in stage. It should 
not be taken to imply that » increases indefinitely with in- 
creases in overbank stage. The reason for, and the effect of, 
subdividing the cross section is to permit ” for the entire 
cross section to vary with stage above the bankfull stage. 

The usual practice is to divide the cross section into two 
parts, one subdivision being the channel and the other the 
floodplain. More than two subdivisions may be made if 
conditions indicate wide variations of 7. However, in view 
of the practical aspects of the problem, more than three or 
four subdivisions would not normally be justified. 

In estimating ” for the channel subdivision all of the 
factors and procedural steps discussed above would be con- 
sidered. Although conditions may indicate some variation of 
n with stage in the channel, it is recommended that an av- 
erage ” be estimated for use in the hydraulic computations 
for all within channel stages. 

In the case of floodplain subdivisions the estimate would 
consider all factors except meandering. That is, the estimate 
would employ all of the procedural steps except Step 6. 
Floodplain » values will normally be somewhat greater than 
the channel values. Floodplain conditions usually do not 
indicate an » less than 0.05 to 0.06. Many cases will justify 
values in the 0.07 to 0.09 range and cases calling for values 
as high as 0.15 to 0.20 may be encountered. These higher 
values apply primarily because of the relatively shallow 
depths of flow. The two factors requiring most careful con- 
sideration are obstructions and vegetation. Most agricultural 
floodplains have fairly dense networks of fences to be evalu- 
ated as obstructions in Step 4. Vegetation probably should 
be judged on the basis of growing season conditions. 


Limitations on Use of the Procedure 

The procedure described in this paper may merit con- 
sideration in the investigation and design of many projects 
dealing with the hydraulics of natural streams, floodways 
and similar channels. However, the following limitations 
should be recognized in reaching a decision as to its use. 

First, in the development of the procedure no attempt 
was made to consider channels having highly unstable sand 
beds where appreciable scour and high sediment transport 
are associated with the higher discharges. In such cases the 
method of approach should attempt to recognize the vary- 
ing degrees of admixing of sediment and water. 

Second, the modifying values listed under the various 
factors have been developed from a study of some 40 to 50 
reported cases where » has been determined for channels 
ranging from small to moderate size. These values should 
be regarded as questionable for large channels. It is, there- 
fore, recommended that the modifying values be used with 
caution in dealing with channels where the hydraulic radii 
exceed 15 ft. 
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Breather Bag for CA Fruit-Vegetable Storages 


I. J. Pflug 


Member ASAE 


table storage described by Smock (4)* the temperature 

is regulated and the level of oxygen and carbon dioxide 
is controlled. The equilibrium oxygen level must be equal 
to or below the desired control point if the oxygen level is to 
be controlled. The equilibrium oxygen level is determined 
by the rate at which the fruit consumes oxygen and the rate 
at which oxygen leaks into the storage room with the outside 
air. The rate of utilization or respiration is more or less 
fixed by the fruit variety and the storage temperature, there- 
fore, the suitability of a room for CA storage is determined 
by leakage rate. Since leakage is a function of pressure 
differentials arising from several sources, (Pflug and Dewey, 
2) any mechanism that reduces pressure differentials will 
have a substantial effect on the equilibrium oxygen level. 

The possible use of an expansion device or breather bag 
to reduce leakage in CA storages was proposed by Pflug and 
Southwick (3). They found that pressure differentials and 
accompanying leakage due to temperature cycling of the 
refrigerator could be reduced through the use of a suitable 
breathing device. Continued study of the leakage character- 
istics of refrigerated CA storages indicates that the volume 
change is proportional to absolute temperature changes and 
that the temperature cycle is of the general shape illustrated 
in Fig. 1. The frequency of the temperature cycle is a func- 
tion of the temperature differential of the off-on thermostat 
and the heat gain on the refrigerator; however, total leakage 
is related to the heat gain of the storage rather than the dif- 
ferential of the thermostat. 


I’ the CA (controlled-atmosphere) type fruit and vege- 


Paper prepared expressly for AGRICULTURAL ENGINEERING. 
Authorized for publication as Journal Paper 1913 of the Michigan 
Agricultural Experiment Station. 

The author—I. J. PFLUG—is associate professor of agricultural 
engineering, Michigan State University. 
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Fig. 1 Actual temperature cycle of refrigerated apple storage using 
on-off temperature control 


The author discusses selection and operation of a 
breather bag for the controlled-atmosphere type 
of fruit and vegetable storage, and shows how it 
acts to reduce air leakage and as a safety device 


The breather bag serves as a reservoir for the confined 
storage room and functions by giving up air to the room 
during the cooling part of the temperature cycle. It operates 
in parallel with the leaks in the storage room; therefore, 
to be effective it must supply and recover air with very 
small pressure differentials. As the bag is made more 
efficient, the amount of air entering the room through the 
leaks will be reduced; however, some air will always enter 
and leave the storage room through the leaks. 

In making recommendations for a breather bag, the space 
requirement and cost must be balanced with desired effi- 
ciency. The breather bag should be large enough to supply 
the room with the required air with a differential pressure of 
0.005 in of water. The shape of the breather bag is very 
important, since it must supply and then recover air from 
the storage. The breather bag is located outside of the stor- 
age room and in order to function must contain a large 
volume of air at equilibrium (The pressure inside the bag 
is equal to atmospheric pressure). To accomplish this the 
bag is supported by a rectangular frame (Fig. 2) that per- 
mits the lower portion of the bag to assume the shape of a 
catenary (at equilibrium). The pressure-volume charac- 
teristics of a bag that contains air at equilibrium are related 


Fig. 2 Breather bag undergoing tests to determine pressure-volume 
characteristics 
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Fig. 3 Pressure-volume characteristics of two sizes of breather bags 


to the length and width of the supported top, the depth, and 
the weight of the material from which the bag is fabricated. 
Increasing either the length, width, or depth increases the 
quantity of air that can be removed from the bag for a given 
pressure differential. Increasing the weight of material from 
which the bag is fabricated reduces this quantity. 

Two sizes of breather bags have been designed specific- 
ally for CA rooms and have been tested to determine their 
pressure-volume characteristics. One of these breather bags 
is illustrated in Fig. 2. The large bag has a 3X 10-ft top 
and a depth of 7 ft at equilibrium; the smaller bag has a 
3X5 ft top and a 7-ft depth. Both bags were fabricated 
from 12 mil (0.012 in) vinyl sheeting. The pressure-vol- 
ume characteristics of these bags are illustrated in Fig. 3. 

The size of breather bag required for a given CA storage 
will depend on the air exchanged per temperature cycle. 
This is a function of the size of the room, the temperature 
differential of the thermostat and the refrigeration capacity 
in relation to the storage size. In making a design for gen- 
eral application the following average conditions will be 
used: thermostat differential, 2 F; cubic feet of atmosphere 
per cubic foot of storage volume, 0.65. The resulting volume 
change per 1000 cu ft of storage is 2.6 cu ft per 2 F tem- 
perature change. Referring to Fig. 3 it is found that the 
large bag (Curve A) will give up about 60 cu ft under the 
design conditions and is sufficient to take care of a 23,000- 
cu ft room and the small bag (Curve B) is adequate for a 
9200-cu ft storage. 

A breather bag will not be of value in reducing room 
leakage if the connecting tubing and fittings require large 
pressure differentials to move the air from the bag to the 
room. The effect of an undersized connecting tube was 
pointed out by Pflug and Southwick (3). It is recom- 
mended that a 3-in I.D. duct be used to connect the breather 
bag to the storage room. This duct should be as short as pos- 
sible with minimum number of bends or elbows. If the con- 
ditions of the installation call for a long duct or several 
elbows, the duct should be sized for the particular installa- 
tion using a design pressure drop of 0.005 in of water and 
duct friction data contained in the ASHVE Guide (1). 

The breather bag should be connected to the room at a 
point where it will not be subjected to negative or positive 
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pressures created by the evaporator fans. Some type of rigid 
perforated duct should be used in the bag to prevent the 
collapsing bag from sealing the outlet when the CA storage 
room rapidly withdraws air from the bag. 
Summary 

The selection of the proper size of breather bag and con- 
necting duct for a CA fruit or vegetable storage has been 
outlined and the operation of the bag explained. The 
breather bag acts to reduce air leakage due to temperature 
cycling and at the same time acts as a safety device for the 
room. In general, a properly sized and installed breather 
bag may reduce the leakage from temperature cycles by 50 
percent; however, the breather bag will not reduce leakage 
from pressure differentials induced by evaporator fans, wind 
or changing barometric pressures. 
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High School Engineering Program 
UNIOR Engineering Training for Schools (JETS), a 
J science-club plan originated in 1950 by Lorin G. Miller, 
former dean of engineering at Michigan State University, 
now includes 75 clubs in eighteen states, with an active 
membership of more than 2,000 high school boys and girls. 
The JETS program is intended to do for engineering what 

4-H and FFA have long been doing for agriculture. 

The JETS clubs get first-hand information from a variety 
of sources. Projects are recommended, conferences and 
talks are sceduled by college staff members or industrial 
engineers, films and publications are obtained for study and 
review. To help clubs get started, JETS headquarters has 
supplied lists of suitable projects, and an index of more 
than 100 motion pictures available without charge from in- 
dustry and other organizations. Added incentives for mem- 
bers of JETS are provided by judging recognition of club 
projects and by scholarship awards to the outstanding 
member in each club. 

Success of the JETS program has already brought re- 
quests for information from more than 60 engineering col- 
leges, societies, and industries. The JETS idea has been de- 
veloped as a national second-school pattern which can be 
utilized freely by engineering colleges everywhere. Addi- 
tional information may be obtained from Director Harold P. 
Skamser, School of Engineering, Michigan State University, 
East Lansing. (Journal of Engineering Education, Match, 
1956) 


Cultivator Mounting Standard 
The ASAE Standard on Cultivator Sweep and Shovel 
Mountings, adopted in March 1955 and published in the 
1955 edition of the Agricultural Engineers Yearbook, was 
inadvertently omitted from the 1956 edition. Copies of the 
standard are available from the Central Office of ASAE. 
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V-Belt Drive Design Improved 


Albert J. Garbin 


neers in collaboration with the Rubber Manufacturers 

Association and the Farm Equipment Institute adopted 
a V-belt-drive standard (ASAE Standard: V-Belt Drives 
for Farm Machines’). Sufficient time has now elapsed so 
that we may look back and determine what this standard has 
accomplished for the agricultural equipment industry. 


S: years ago the American Society of Agricultural Engi- 


By conforming to this ASAE standard the problem of 
insufficient belt take-up has been eliminated. The designer 
now has a definite guide in the standard for the amount of 
adjustment required for a drive. By incorporating the rec- 
ommendations in the final design, this trouble source has 
been eliminated. 

The use of deep-groove sheaves on quarter-turn drives, 
as recommended in the standard, has kept the V belt from 
jumping the sheaves. This has minimized the time lost in 
the field by the farmer in reassembling the belt drive. 

Improved belt delivery and economy has resulted in the 
use of the lengths recommended in the standard. All of the 
major V-belt manufacturers have mold equipment to pro- 
duce these standard lengths, and time-consuming and costly 
equipment purchases are not needed when these lengths are 
specified by the designer. 

Because of the standardized measuring procedure, belt- 
length interpretation differences between the consumer and 
supplier have virtually ceased. Now everyone who is using 
the standard is measuring with the same size sheaves and 
same measuring tensions. This eliminates the need for cor- 
rection factors which were previously employed and which 
were a source of error on occasions. 

The purpose of the ASAE standard is to guide the agri- 
cultural equipment engineer in designing an economical and 
trouble-free V-belt drive. From the foregoing it can be 
seen that this has been accomplished in many instances. The 
acceptance of the standard by the industry has been most 
gratifying, but unfortunately there have been a few instances 
where the designer has deviated from the standard. In most 
such cases this has lead to troublesome drives where fre- 
quent belt replacement has been necessary. 

One particular source of trouble has been on back-bend 
idler designs where the designer specifies idlers below the 
minimum shown in the standard. In addition to a stress 
pattern through zero on this type of drive, the base of the 
belt is exposed to abnormally high tensile stresses causing 
cracking and rapid failure. By keeping to the recommenda- 
tions the stress range is kept within reasonable limits and 
nominal belt life is obtained. 

Another point where designers tend to stray from the 
accepted standard is on twisted belt drives, when the tangent 
length or center distance on such drives is below recognized 
minimums, and excessive wiping action of the belt entering 
and leaving the sheave takes place. This causes rapid belt 
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The author discusses how improved agricultural 

V-belt drive design in recent years has been 

made possible as a direct result of the adoption 

and application of the ASAE-sponsored standard 

for V-belt drives, and how even larger benefits 
may be derived from it. 


sidewall wear and results in early failure. By keeping with- 
in the prescribed tangent lengths or center distances the belt 
is able to right itself thereby entering and leaving the 
sheaves properly with no undue sidewall wear. 

The equipment designer is himself responsible for the 
last of the major trouble sources. To obtain an increase in 
speed variation, there has been a tendency to reduce the 
sheave angle from the recommended 26-deg included angle. 
This has caused considerable difficulty on spring-loaded ad- 
justable-speed sheaves where the sheave angle has been low- 
ered to increase speed variation for a given belt width. This 
reduction requires an increase in spring pressure causing a 
crushing effect on the belt and its consequential early failure. 
This problem was recognized and considered at the time 
the various details of the standard were developed, and the 
26-deg angle was based on years of experience both in the 
laboratory and in the field by the V-belt and agricultural 
equipment manufacturers. By following the standard, the 
horizontal component of the sidewall force is low enough 
to enable the belt to withstand the effect and give a satis- 
factory service life. 

One item that is not defined in the standard is the mini- 
mum sheave diameters. It has been the practice of our com- 
pany to recommend the following diameters: 


Recommended Absolute 

Belt Belt nominal minimum minimum 
Section top width, in sheave O.D., in sheave O. D., in 
HA Y, 2.75 2.0 
HB 2leo 4.00 3.0 
HC Vp $.73 5.0 
HD 14, 9.00 8.0 
HE ly, 13.00 11.0 
For double V belts the minimum O.D. is as follows: 

HAA 3.00 25 
HBB 4.75 4.0 
HCC 6.75 6.0 
HDD 11.50 10.0 
HEE 17.50 15.0 


Note: On extremely high shock loading or on very slow-speed 
drives, the sheave diameter should not be smaller than the recom- 
mended minimum. 


The wide approval of the ASAE standard has stimulated 
additional work on new and improved data which it is be- 
lieved will be incorporated in the standard at some time in 
the future. At present, because of its many advantages, 
greater acceptance of the ASAE standard for V-belt drives 
is advocated for farm machines. 
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Split Wood Joints 


V. L. Hauser and L. W. Neubauer 


Assoc. Member ASAE 


ESIGN of wood joints is often limited by the number 
D of nails which can be used safely without splitting 
the wood of the joint. Some surprising and interest- 

ing results developed in a test of nailed joints which had 
suffered several cracks during assembly. The arrangement 
required many nails crowded into a 6 x 6-in lapped joint. 


Design 

The design load was 2000 Ib compression, parallel with 
the grain of the wood. The member used was 2 x 6-in fir 
with 1 x6-in pine splice plates. The splice was designed 
for an allowable load of 53 lb per nail for 8d nails and 71.5 
Ib per nail for 10d nails. A joint having 6d nails was also 
constructed, but the number of nails used had to be reduced 
below the number required for conventional design due to 
excessive splitting of the wood. The splice plates overlapped 
the main member 5% in, making a contact area between 
splice plate and member of 31.7 sq in, on each side. Total 
length of the test assembly was 12 in. One-half of the total 
number of nails was driven into each side of the splice. 
Fig. 1 shows the details of the spliced joint used. 


Splitting 

The main 2 x 6-in fir member, in each of the four test 
joints, split while the joint was being nailed together. Most 
of the splitting occurred when the second plate was nailed 
on. This is attributed to the possible alignment, relative to 
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Nominal 2*¢" 
fir, dry 
4 
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Fig. 1 (Above) Nailed wooden joint con- 
structed ~f 2x 6-in fir member and 1 x 6-in 
pine spli-e plates. 


Fig. 2 (Right) Views of split nailed wooden 
joints, (Upper left) Typical splitting of 
main member before compression testing. 
(Upper right) Comparison of splitting after 
testing. (Lower left) Joint tested to destruc- 
tion. (Lower right) Deflection or slippage 
at maximum load. 
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Member ASAE 


Compression tests reveal that nailed 

wooden joints are strong enough to ex- 

ceed design load with accepted safety 
factor, despite moderate splitting. 


the grain, of nails driven from opposite sides of the splice. 
The pine 1 x 6-in splice plates did not split during the con- 
struction of the joint. 

Fig. 2 (upper left) shows a view of the typical splitting 
of the main member before testing. The 10d nails, Fig. 2, 
(upper right) caused the greatest splitting before testing. 


Test 

The joints were tested in a universal testing machine, in 
compression. Horizontal lines were drawn on each joint 
prior to testing, Fig. 2 (/ower right). The load at which 
the first slippage between members occurred was recorded. 
Each joint was compressed until further increase in strain 
did not produce an increase in the load carried. This load 
was recorded as the maximum load. 

One joint with 8d nails was tested to destruction to de- 
termine the method of failure of the joint, Fig. 2 (/ower 
left). 

Results of the test are given in Table 1 (on page 481). 


Type of Failure 
All joints failed by withdrawal of nails from the center 
member, bending of the nails, and splitting of the wood, 


Fig. 2 (upper right). (Continued on page 481) 
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Instrument for Measuring Soil Condition 


Some of the inherent spatial variations of soil resistance were 
sufficiently great to invalidate any conclusions based on the 
assumption of uniform soil.—Keen* 
HE assumption of uniform soil is often a necessity in 
tests of agricultural implements. But, where this as- 
sumption is made for convenience, it may be difficult 
to assess the worth of the results. Admittedly for any one 
test proper statistical design and analysis can distinguish and 
assess differences arising from variations in soil properties. 
Usually, however, a series of tests is needed and it may 
not be proper to compare tests on, say, the same implement 
on the same soil at different times. In any event an assess- 
ment of the soil properties should be a vital part of the ex- 
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Longmans Green and Co. 
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Fig. 1 General assembly of the soil probe showing (a) pressure 


tip and (4) load cell, with wiring to strain gages shown dia- 
grammatically 
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J. H. McClelland 


The instrument described in this paper is a soil probe 
or continuously recording horizontal penetrometer 
devised for evaluating mechanical properties of the 
soil familiar to the engineer, including shear 
strength, cohesion, adhesion, particle and pore size 
and distribution and resistance to vertical penetration 


perimental data?. 

The problem is what soil properties to evaluate and how. 
The usual method is to try to obtain representative values 
for those mechanical properties familiar to the engineer: 
shear strength, cohesion, adhesion, particle and pore size, 
and distribution and resistance to vertical penetration, for 
example. These measurements may, with some justification, 
be used to form a basis of comparison of soils; they may be 
used to assess the importance of the factors involved. But 
there are objections; there is little knowledge of the rela- 
tionship between the properties of a soil treated in the lab- 
oratory before testing and its properties in situ. Some tests 
(e.g., shear strength) can be done in situ — as can pene- 
trometer tests—but this gives rise to a further objection 
Variations of properties over the area used for an imple- 
ment test may be of a large order; for reasonable precision, 


+Nichols, M. L. and Reaves, C. A. Soil structure and consistency 
in tillage implement design. AGRICULTURAL ENGINEERING, 36:517 
(1955). 
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Probe 


Distance —— se 
Fig. 2 A trace obtained from the soil probe 


Fig. 3 A series of photographs taken at 4-in intervals from the center line of the probe to the outside edge of the disturbed zone and 
sand box. The successive failures caused by the tip and spoonlike shape of the failure surface can be seen 
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Fig.4 This shows a probe trace and the graph of drawbar pull. 

Both recorders were damped. The curves indicate a change of 

correlation. (Different parts of the curves and their possible mean- 
ing are discussed in the accompanying text) 


samples must be taken over a fairly close grid. This takes 
time and, if the weather changes, the soil may well be in a 
different condition at the time of the actual test. So, it 
seems desirable to assess the over-all condition of the soil 
at the time of the test. 

For this reason the instrument described in this paper 
was designed to measure the condition of a soil. In partic- 
ular, interest lay in a possible relationship between the draft 
of the implement (always considering the contribution from 
rolling resistance and hitch geometry) and the physical con- 
dition and mechanical properties of the soil under review. 
It was decided that measurements should be continuous and 
recorded; the instrument should be adjustable for depth and 
be carried (just ahead of the tool) by the implement frame. 

The instrument is shown in Fig. 1; here the transmission 
is electric but a mechanical or hydraulic system may be used. 
However, the strain-gage load cell with bridge and cathode- 
ray oscilloscope and camera or a pen recorder has the advan- 
tage of large amplification (if needed) with no lost motion. 

In operation, as the probe enters the soil the load cell 
deforms as the tip applies a load on the soil immediately 
ahead. Deformation continues until there is sufficient force 
to cause failure (by shear to the free surface) in the soil. 
Immediately failure occurs, the probe tip is moving through 
a ruptured zone and the load cell members tend to return 
to their equilibrium position. As the probe continues to 


move forward, soil resistance builds up; the load cell starts 
to deform and the cycle is repeated. This sequence can be 
seen from the probe trace reproduced in Fig. 2. 

For satisfactory operation, soil failure must be caused 
by the probe tip; in other words, the tip must be far enough 
ahead of the shank to ensure that the soil in which it is op- 
erating has not already been affected by some other part of 
the instrument. Attention was paid to this part in the orig- 
inal design, but, at the best, the design was based on rule 
of thumb, no precise data being available. Because of the 
importance of this point, laboratory tests were carried out to 
check if the design was satisfactory. 

Alternate layers of dry colored sand were placed in a 
wooden box; the probe was moved through the sand until 
two or three successive failures showed on the surface. The 
sand was then set with gelatine. When the sand and gela- 
tine were solid, the box was dismantled and successive cuts 
were made at '-in intervals, each new surface exposed be- 
ing vertical and parallel to the main axis of the probe. Fig. 
3 (A-H) shows the position of the shear planes and the 
point of failure can be clearly seen in the photograph of the 
middle section (3A). 

Having established that failure would occur preferen. 
tially at the probe point, field tests were undertaken. Fig. 4 
shows curves obtained from the probe and a hydraulic draw- 
bar dynameter (both heavily damped) on a test run using a 
three-furrow moldboard plow mounted on steel wheels. 
Though no claims are made for the importance of the 
curves, it does seem likely that a correlation could be ob- 
tained. In the main, the probe seemed to be reacting to the 
soil in much the same way as the plow. But the presence of 
inversion (B to C, E to F and G to H in Fig. 4) is a matter 
of interest. They occur at high probe readings. It may be 
that at these times the rolling resistance was lowered suf- 
ficiently to reduce the total energy demand of the plow. 
However, more work should make evidence available to 
support or deny this explanation. 

It has not been possible to do any further work with the 
probe; its possibilities and its weakness are unknown, but ex- 
perience does indicate that it is an instrument worth further 
testing. 


Split Wood Joints 


(Continued from page 479) 


The nail heads did not pull through the splice plates in 
any joint, although some heads were drawn partly into the 
wood. 

There was some splitting of the splice plates for all 
joints tested. Most of this splitting occurred where two 
nails were driven into or near the same grain. 


Summary 


1 Joints loaded in compression developed considerable 
strength even though the wood was split by nailing. 


2 Ten pennyweight nails gave greater strength to the 
joint in spite of greater splitting of the wood. 

3 All joints tested exceeded the design load before 
slipping began, with a safety factor of two or more. 

4 Ten pennyweight nails had the highest safety factor. 

5 This test gave no information on strength of split 
wooden joints after weathering. 


Conclusions 

Moderate splitting of the center member of a splice with 
splice plates on two sides is not serious. The use of large- 
size nails will increase the safety factor, when splitting is 
not severe. 


TABLE 1. JOINTS TESTED IN UNIVERSAL TESTING MACHINE, IN COMPRESSION 


Load at first Maximum load 
Specimen Nail size Number of nails slip (1b.) on joint (1b.) 
A 6d 40 4000 7,140 
B, 8d 38 4000 10,380 
Bo 8d 38 4000 9,920 
B(ave.) 8d 38 4000 10,150 
: 10d 28 7000 14,000 
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Load, pounds per nail Safety factor 
1st slip Maximum Design Yielé Ultimate 
100 178 50 2 3.6 
105 273 53 2 5.2 
105 261 53 2 5.0 
105 267 53 2 5.1 
250 500 71.5 3.5 7.0 
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An Approach to Efficiency Studies 


Frederick C. Winter 


N MAKING a study of the relative efficiency of several 
| processes, operations, or systems it is necessary to estab- 
lish the objectives to be attained. An objective might be 
a reduction in total cost, the conservation of labor, perform- 
ing the work in the shortest period of time, rendering a 
better service, conserving quality of product, or others. 
There are efficiencies to be attained in each of these areas 
and the efficiencies attainable in any one area may be at the 
expense of any one or all of those in the other areas. It is 
also possible to improve the efficiency in one or more areas 
at the same time. A change in one will have an influence 
on the others. It is for this reason that the primary and 
necessary secondary objectives must be formulated before 
the study is undertaken. 

The most profitable areas for study in a system are 
those that use the most labor, operations that are costly, 
processes that are expensive, where preservation of quality 
is an important factor, where there is excessive in-process 
storage, where there is excessive materials handling, and 
where there is an unsatisfactory flow of material through the 
process. The complete system needs investigation in order 
to isolate the areas most subject to improvement. Once the 
trouble spots have been identified, each one should be in- 
vestigated separately and solutions developed. However, 
care must be exercised in improving one stage of an inte- 
grated system to assure that it benefits those operations that 
come before it, as well as those that follow, if it is to make 
a contribution to the system as a whole. A careful investi- 
gation will often disclose temporary procedures that were set 
up to meet temporary conditions but which have become 
permanent. This type of opportunity should not be over- 
looked. 

The initial approach to any study should be to increase 
efficiency without the addition of new equipment. This 
may be brought about by reorganizing handling methods, 
work crews, work methods and plant-facility layout. It is 
surprising the results that can be achieved without new 
capital expenditures. 

The next step should be the substitution of new avail- 
able equipment coupled with the proper work methods, lay- 
out and materials handling. The selected equipment should 
yield the least cost combination for equipment and labor for 
the scale of operation under consideration. The final step 
would be the development of totally new equipment and 
techniques. This latter stage is usually the most difficult and 
costly from a research point of view. 

In order to bring about improved efficiencies it is neces- 
sary to find out how the operations are actually performed. 
It is said that there are three ways in which an operation may 
be performed: (a) the way it is actually performed, (4) 
the way people think it is performed, and (c) the way it is 
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Objectives in efficiency studies may include, among 
others, cost reduction, conserving labor, reducing 
production time, improving service, and conserving 
product. In this paper the author presents an in- 
structive approach to undertaking such studies. 


supposed to be performed. The first step, then, is to learn 
what is actually done in the system under study, which al- 
most always means that the facts must be obtained by direct 
observation. When these facts have been learned, steps may 
be taken to devise the way the operations are supposed to be, 
or should be, performed to achieve greater efficiency. 

The engineer, in studying an operation which he seeks 
to improve, requires a systematic way of investigating and of 
making observations as an aid in making his analysis. 
Among the available tools or techniques are flow process 
charts and flow diagrams. 


Flow Process Chart and Flow Diagram 

A flow process chart is a graphic representation of the 
sequence of all operations, transportations, inspections, de- 
lays and storages occurring during a process or procedure 
and might include, at each activity, information considered 
desirable for analysis such as time required and distance 
moved. It aids in visualizing what takes place and portrays 
the activities in the exact sequence in which they occur (Fig. 
1). When, for certain types of analysis, only operations and 
inspections are used, the chart is known as a “process chart.”’ 

A flow diagram is a visual presentation which shows to 
scale on the plan view of the facility or area under study, 
where the various operations, inspections, and storages 
occur, and by the use of lines and arrows indicates the flow 
of work (Figs. 2 and 3). 
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Fig. 1 Flow process chart for an egg assembly plant 
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Flow process charts and flow diagrams aid in visualizing 
the complexity of the processing, the steps involved, and 
the dispersion and relationship of operations and other 
activities. Either or both of these analytical techniques 
might be used for a particular study. They will solve no 
problems of themselves but they are an aid in the analysis 
and the solution of problems. They present a bird's-eye 
view of the activities under consideration. 

The activities mentioned above are portrayed by five 
symbols (Fig. 1) that have been standardized by the Amer- 
ican Society of Mechanical Engineers* and are described as 
follows: 

Operation (circle). An operation occurs when an ob- 
ject is intentionally changed in any of its physical or chem- 
ical characteristics, is assembled with or disassembled from 
another object, or is arranged or prepared for another opera- 
tion, transportation, inspection or storage. An example 
would be the shelling of peas. 


Transportation (arrow). A transportation occurs when 
an object is moved from one place to another, except when 
such movements are caused by the process or by the operator 
at the work station during an operation or an inspection. An 
example would be moving hay from the field to storage. 

Inspection (square). An inspection occurs when an ob- 
ject is examined for identification, verified for quantity or 
quality, or measured in any of its characteristics. An exam- 
ple would be the grading of eggs. 

Storage (triangle). A storage occurs when an object or 
product is held or kept in one place to restrict unauthorized 
removal, for conditioning, or for accumulation. An example 
would be the storage of grain. 

Delay (capital letter ““D"). A delay is enforced idleness 
which occurs when conditions do not permit the immediate 
performance of the next planned activity. 

These symbols are the basis of a graphic shorthand used 
for describing the activity under analysis. At times two 
activities may occur concurrently such as the grading and 
sorting of hogs at a cattle auction market. In this case the 


* For additional information refer to “ASME Standard; Opera- 
tion and flow processing charts,” American Society of Mechanical 
Engineers, N. Y. (1947). 
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two activity symbols, inspection and operation, are super- 
imposed one on the other. 

Once the information has been collected and the charts 
prepared, the engineer is in a position to make an analysis 
and develop improvements. Through long experience, in- 
dustrial engineers have found that, when a series of ques- 
tions are raised and answered about every detail of the 
activity being studied, ideas for improvements are often sug- 
gested. The following questions should be asked: 

WHY is it necessary? Can it be eliminated ? 

WHAT is its purpose? Could previous processes, op- 
erations, etc., be changed to eliminate the necessity of 
work or reduce the amount of it? 

WHO should do it and who could do it better at less 
cost? Is the right person doing it ? 

WHERE should this take place? Could it be per- 
formed better or more economically somewhere 
else? Should it be combined with work done else- 
where or should part of the operation or activity be 
separated ? 

WHEN should this be done? Could it be done more 
advantageously at some other time? Should the se- 
quence be changed ? 

HOW should this be done? Can it be done better with 
different equipment, method, or layout? Can it 
be simplified ? 

With particular reference to all transportation symbols 
which deal primarily with materials handling, the follow- 
ing questions should be asked: Can transportation be elim- 
inated or distances shortened by a rearrangement of the 
layout or change in the sequence of operations? Can back- 
tracking be eliminated or reduced? There should be a direct 
movement of materials through a minimum distance. 
Should a different type of materials-handling equipment 
be used ? 

As for storages, particularly between operations, can 
they be eliminated or reduced? Can storage locations be 
changed advantageously? If speed of processing is impor- 
tant, this must be studied. 

From an over-all point of view, the following questions 
will prove helpful: Are certain operations or activities de- 
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Fig. 2 (Left) Typical flow diagram — old method — emphasizes the existence of backtracking and long hauls of material. ¢ Fig. 3 (Right) 
Revised flow diagram shows how the new layout serves to minimize the distance material must travel 
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laying the process through bottlenecks and how can they be 
eliminated? How can interruptions be avoided? Are there 
exceptions to the general flow of work? What are their 
causes and can they be eliminated? Lastly, can the process- 
ing or materials-handling equipment be improved, or can 
better equipment be more profitably substituted ? 

The questioning attitude is the heart of the engineer- 
ing analysis. It is a terrific aid in developing ideas and solu- 
tions! These questions must be asked searchingly and re- 
peatedly. A satisfactory answer for each question must be 
obtained if improvements are to be effected. 

After an analysis has been made and solutions developed 
it is often profitable to prepare a new flow process chart or 
flow diagram to see how all the changes integrate. Again, 
the questioning attitude is brought to bear on these new 
charts to assure that no opportunities have been overlooked. 
They also serve as a comparison of the activity before and 
after the research study was undertaken. 


Measurement Techniques 

In appraising or evaluating two or more alternatives 
that are under consideration for improving a particular op- 
eration or activity, some form of measure of their relative 
efficiency or effectiveness is necessary for good decision mak- 
ing. At times, the preferable solution is obvious. However, 
this obviousness can be misleading! This is especially true 
where machinery is substituted for labor and the output 
thereby increased. The only positive basis for decision mak- 
ing is unit cost, whether this cost is on a per ton, per 1000 
boxes, per 100 gallons, or other basis. Unfortunately man- 
hours of labor and the various factors of equipment mone- 
tary costs cannot be added to obtain meaningful results. Fur- 
thermore, the mere conversion of observed over-all man- 
hours into monetary costs by the application of hourly wage 
rates and then adding the result to equipment costs will not 
of itself develop reliable comparisons between alternatives. 
Under these circumstances, there is no taking into account 
the effectiveness of labor’s effort, or of idleness, or mis- 
directed effort. For reliable decision making, the effective- 
ness of this variable labor ingredient must be stabilized 
among the alternatives under consideration. The most eco- 
nomical and relatively reliable technique for measuring 
the labor ingredient available to the engineer is time study, 
despite some of its inherent weaknesses. 

Time study is used to determine the time required by 
a person suited to the job and skilled in the work to perform 
the job if he works at a normal pace. In using this tech- 
nique the task is broken down into its elements, and all ele- 
ments, whether productive or not, are measured with a stop 
watch. The presence and amount of idle time or misdirected 
effort in a task cannot be detected by simply taking the over- 
all elapsed time; each element of the task must be carefully 
observed, the elapsed time for performing each element re- 
corded and the occurrence of waste time and reasons for 
them especially noted. In working up the time study, those 
elements not directly applicable to the task are eliminated. 
Another product of time study, as a result of breaking down 
the operation or task into its elements and timing each, is 
that it makes possible the accounting for the way every 
moment of time is spent. Where waste and misdirected 
effort are revealed, there is an opportunity for methods 
improvement. 
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The time required to perform an operation is influenced 
by the skill and effort of the operator and this varies from 
operator to operator. Therefore, before two alternatives can 
be compared with respect to time and consequently labor 
requirements, the difference between the operators working 
on the alternatives must be taken into account. This is done 
by “‘leveling’’ which is the correcting of the observed times 
for departure from a normal performance. The leveled time 
represents the time that would be taken if the operator 
performed at a normal pace. 

When personal fatigue and other necessary allowances 
are added to the leveled elemental times, the result is the 
time that an operator skilled in the task and working at a 
normal pace would take. Using this technique, the engineer 
can be assured that there is a proper accounting for the labor 
ingredient applicable to each of the alternatives. 


Work Sampling 

Work sampling or ratio delay is another analytical tech- 
nique for obtaining information about the performance of 
equipment and labor in a variety of activities. It is a ran- 
dom sampling statistical technique for obtaining data about 
equipment utilization, the activity of labor or work crews 
and the percentage of down or idle time and their causes. 

Using this technique, observations are made of an activ- 
ity at preselected random times, and by figuring simple per- 
centages of the various categories of productive time and 
non-productive time, an engineer can ascertain the magni- 
tude and importance of each to the total time for its activity. 
With this information it is possible to pinpoint trouble 
spots or inefficiencies in an operation for improvement. 

Work sampling requires neither complex mathematics 
nor the services of a skilled statistician. The observer passes 
the work stations at random intervals. Each time he passes 
some predetermined spot he notes what is occurring on a 
prepared check sheet. This check sheet, which must be pre- 
pared for each study, contains columns divided into the 
expected productive and non-productive categories based 
upon the purpose of the study. The percentage that each 
bears to the total observations will indicate the magnitude. 
For more exact figures consult a text on work sampling. 
The observations should be made randomly throughout all 
hours of the working day. 

Work sampling is no substitute for time study in measur- 
ing labor productivity as it is a technique for breaking down 
a given span of time into productive and non-productive 
times at the level of performance at which they occur. It 
does not take into account the skill and effort of labor as in 
time study. However, it is an excellent analytical technique 
for gathering information relative to the importance of the 
various segments of an activity under study. 


Cost Analysis 

While time study and work sampling can measure the 
time activity of labor and equipment per unit of output, it 
is necessary to convert both into monetary terms on a unit 
cost basis for meaningful comparisons and appraisals. The 
labor ingredient can be converted by applying a wage rate 
to the labor time required. However, equipment costs are 
composed of several factors in relation to time or activity. 
These factors are segregated into two major categories, i.e., 
ownership or fixed costs and operating or variable costs. 
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The ownership costs are due and payable whether the 
equipment is shut down or operating at full capacity. 
Among them are taxes, insurance, interest, and deprecia- 
tion. The first three are definite and fixed while depreciation 
is subject to engineering appraisal based on hours of activity, 
operating environment and changing technology. When 
these costs are developed on an annual basis and divided by 
the estimated annual number of hours of use, a per hour 
ownership of fixed cost figure results. 

The operating costs are those that rise and fall directly 
with the activity of the equipment or process and are made 
up of such items as power, maintenance, and repairs. These 
costs, on an hourly basis, when added to hourly ownership 
costs determines the total hourly cost of the equipment. 
When this hourly rate is applied to the time that the equip- 
ment is used, the equipment cost ingredient is determined. 

This determination of hourly cost is the most accurate 
method for adequately absorbing costs arising from the use 
of equipment with due consideration to its use or scale of 
operation. 


Quality 

In evaluating equipment and methods used for agricul- 
tural products due consideration must be given to the main- 
tenance of quality. Some products deteriorate in quality 
more with one type of equipment or method than with 
others. It is therefore necessary to establish the quality level 
before and after the product is exposed to the various equip- 
ments under consideration and if possible give monetary 
consideration to the change in quality. This loss, on a per 
unit basis, should be added to the labor and equipment costs 
discussed above to make valid efficiency comparisons. 
Where monetary considerations cannot be assigned to the 
loss in quality, the change in quality level must be appraised 
in the light of the benefits to be derived from improved 
efficiencies. 


Equipment Improvement 

To bring about improved efficiencies it is important not 
to accept complacently the existing process, methods or 
equipment, as found in the environment under study. It is 
necessary to become familiar with the latest state of ap- 
plicable technology even to the extent of investigating other 
fields or industries. Sources of this information are tech- 
nical journals, trade papers and magazines, equipment 
manufacturers, trade associations, and firms in other fields 
who perform similar operations. 

Scale of operation influences the type of equipment that 
can be selected economically and for the type of equipment 
designated a specific capacity must be selected. In selecting 
equipment, capacity consideration must be given to immedi- 
ate needs and future expansion. Few facilities remain stable 
in size, they either grow and progress or shrink and die out. 

Ownership or fixed costs are best absorbed at capacity 
operation. However, in many cases, modest increases in ca- 
pacity can be obtained in a given piece of equipment at a 
nominal increase in cost. This is often cheaper than the 
purchase of an additional machine to bring about this dif- 
ference in capacity when required. The ownership and 
operating costs of one unit of a given capacity are generally 
less than those of several units required to match this ca- 
pacity. Where a critical operation is involved it may be 
desirable to distribute this capacity among several units so 
that the failure of one will not shut down all operations. 
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Materials-Handling Principles 

The preceding portion of this paper developed a com- 
bination of engineering techniques for making quantative 
analysis to compare the efficiency or effectiveness of two or 
more alternatives. The analysis applies to materials han- 
dling, processing, storage and other activities. 

Materials handling is the arterial system over which the 
life blood of agricultural products flow on the farm and 
from the farm to the consumer. It might be defined as the 
picking up and putting down, moving of materials and pro- 
ducts in any plane or combination of planes, by any means, 
and it includes storage and all movements except processing 
operations. It not only includes movement between 
processing operations, but includes railway, water, airplane 
and highway movement. When considering the funds ex- 
pended for all operations involved in processing and distrib- 
uting farm and food products from source to destination, it 
is amazing how much more is expended for materials han- 
dling than processing. The channels of distribution are 
practically pure materials handling. There is little to no 
change brought about in the basic product. Most process- 
ing facilities spend more for materials handling than for 
physically or chemically changing the product. Most ware- 
housing is nothing but pure materials handling. 

The engineer engaged in materials-handling research 
is limited only by his ingenuity and resourcefulness. There 
is an infinite variety of commercial equipment available on 
the market today. In some cases commercial equipment must 
be altered and adapted and in some few cases new equip- 
ment must be designed and developed. 

It is amazing the number of cases where relatively ineffh- 
cient equipment is used and where efficient equipment is 
poorly applied. This results from a lack of knowledge of 
the characteristics of equipment and from a poor integration 
of equipment and method for handling of materials. 

Materials handling is perhaps as much an art as it is a 
science. The science nature of this activity is demonstrated 
by the fact that it has been possible for engineers to form- 
ulate a set of principles which represent the rules that are to 
be followed. These principles have been developed and 
tested over a period of many years, in many industries and 
under varied conditions. It is the application of these rules 
or principles to particular problems and situations that is the 
art. The following principles, if followed, should result in 
efficient and economical handling of materials. 


Materials Flow Principle 


The speed of materials handling is increased and costs 
are reduced when materials are moved as directly as—and 
through the shortest distance—possible from one point 
to another. 

This principle states that materials-handling efficiency is 
greatest when it approaches a steady flow, with a minimum 
of interruptions, and a minimum of backtracking and cross- 
hauling. The movement of materials should approach a con- 
tinuous rather than intermittent flow. This should be the 
objective of the engineer's thinking, even if it is not com- 
pletely possible, in practice, because of the nature of the 
activity. 

In applying this principle try to eliminate batch proc- 
essing and movement. Consider the operations or processes 
to be intergrated with the materials-handling system, and 
strive for continuous flow. Conveyor systems that tie several 
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operations together as in the automotive, radio and appli- 
ance field, are an excellent example of applications of this 
flow principle. 

A facility layout that. incorporates wide aisles or lanes, 
easy turns, loading platforms or areas of adequate widths 
and heights, and ample approaches to doorways of adequate 
size, permitting two units of materials-handling equipment 
to pass, increases the productivity of mobile materials-han- 
dling equipment, by permitting increased speed, smoother 
and more direct flow of work, less congestion, and safer 
working conditions. 

Mechanical Equipment Principle 

Efficiency and economy in materials handling result from 
using powered mechanical equipment in place of man- 
power whenever practicable. 

The use of mechanical equipment is cheaper than the 
use of manual labor when the savings in direct labor costs 
are greater than the cost of owning and operating the 
equipment. However, there is a minimum volume of work 
above which materials can be handled more economically 
with mechanical equipment. This volume varies with the 
degree of mechanization of the equipment. Although me- 
chanical equipment can be used to do the work faster and 
with fewer men than is required by purely manual or semi- 
mechanical means, it is conceivable that, because of the small 
volume of materials to be handled, the purchase of me- 
chanical equipment could not be justified and the cost of 
performing the work would be increased if mechanical 
equipment were employed. 

Where more mechanized mechanical equipment is to 
supplant existing mechanical equipment, first check to be 
sure the present equipment is used as efficiently as possible. 
Where new equipment is required, the simplest materials- 
handling equipment applicable to the task should be se- 
lected. As a general rule special or custom-built equip- 
ment should be avoided, as it is usually more expensive and 
has to be adapted to the handling activity with more experi- 
mentation than commercially available types. It is to be 
remembered that the more operations or work the mobile 
mechanical equipment can be used for, until its rated ca- 
pacity is reached, the lower the unit materials cost will be. 

Mechanical equipment offers these advantages: (a) work 
done with equipment is generally more economical, () a 
larger volume of work per operator is attainable, thus re- 
ducing the labor force, (c) greater speed in handling is ob- 
tained, and (d) safer working conditions result. 


Unit Load Principle 

Efficiency in handling materials is increased as the size 
of the handling unit is increased. 

The unit load, as this handling unit is generally termed, 
is made up of several packages, containers, or items grouped 
together so that they may be handled as a unit for unload- 
ing, transporting, stacking or loading operations, or any 
combination of these operations rather than as individual 
packages or items. A unit load is usually considered to be 
a loaded pallet or skid, but might well be any load consist- 
ing of two or more packages or containers which are so set 
together that they can be handled and moved simultaneously 
or as a unit. A power scoop, skid bin or box containing 
bulk materials is also considered a unit load. 

As the size of the load handled is increased up to the 
capacity of the equipment, the fewer the trips and the 
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shorter the time required to complete the handling activity. 
Once a unit load is assembled, savings are brought about 
because many items are handled at one time rather than in- 
dividually. Unit loads should be maintained until it is ab- 
solutely necessary for them to be broken up. The longer the 
unit load can be kept together for all handlings and carried 
forward into other operations, the greater will be the savings 
and efficiency. An example of unit-load handling would 
be the simultaneous unloading of 48 boxes of apples from 
a highway truck by means of a fork-lift type of industrial 
truck with a clamp attachment at an apple packing house; 
transporting and stacking them as a unit in refrigerated 
storage; taking them out of storage as a unit to the packing 
line; then removing them as a unit back to storage where 
they are stacked, and finally removing this unit load to ship- 
ping platform for loading into a refrigerated car. Here 48 
boxes are handled simultaneously and as a unit through 
these several activities. 

Unit loads, in addition to reducing the number of in- 
dividual handlings and trips required, simplifies inventory 
taking, since the number of unit loads multiplied by the 
number of units gives the stock on hand. The use of unit 
loads and fork-lift trucks increases the storage capacity of 
a facility by permitting stacking of one load upon another. 
Lastly, unit loads reduce the amount of spoilage resulting 
from picking up and dropping individual packages because 
of the reduced number of handlings. 


Balanced Handling Principle 

Economy in handling materials is obtained when, in op- 
erations involving crews of workers, the men and equipment 
are assigned in accordance with the minimum number of 
men required, and their work is so arranged that delay time 
and total men-hour requirements are kept to a minimum. 

To do a job well, a balanced crew and equipment are of 
utmost importance, since in most instances the productive 
work performed by one crew member depends on the work 
done by other crew members. Thus, if there are too few 
workers employed at one phase of the activity, a great deal 
of time will be lost through waiting at another phase of the 
task, thereby increasing the cost for the entire activity. Un- 
balanced handling operations will always result in bottle- 
necks. Idle crew men, waiting on other materials handlers, 
are positive evidence that the work load is not properly dis- 
tributed throughout the activity. 


Flexibility Principle 

The greater the variety of materials-handling operations 
for which a particular type of equipment can be used, the 
greater is its value for materials-handling tasks. 

All equipment and methods should be designed, where 
possible, to permit economical operations under changing 
conditions. This is especially true when a piece of equip- 
ment cannot be used full time on a specific task. The ability 
for it to be moved and adapted to other tasks brings about 
greater utilization and reduced unit-handling costs. 

The fork-lift truck with its many attachments is a prime 
example of this flexibility. Their attachments include a 
shovel or scoop for bulk materials, clamps for cubical and 
cylindrical packages, crane for lifting and hoisting, revolv- 
ing forks for dumping or inverting, and many others for 
specialized tasks. A farm tractor with power-operated scoop, 
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fork, etc., is another example. Portable conveyors have a 


lesser degree of flexibility. 
Equipment Velocity Principle 


The economy of materials handling is usually increased 
as the velocity of the handling equipment is increased. 

The greatest value is obtained when equipment is used 
to, but not in excess of, its full rated capacity. When op- 
erated at less than rated speed, for the commodity handled, 
production suffers and unit-handling costs increase. How- 
ever, equipment should never be operated at such a speed or 
in such a manner as to create safety hazards. 


Equipment in Use Principle 

Economies in handling materials are increased by de- 
creasing the proportion of idle time to use time of the han- 
dling equipment. 

A unit of equipment is productive only when it is in 
motion. Using poor methods that increase the time to load 
or unload mobile equipment increases idle time and costs. 
It is to be remembered that just as workers who are on hand 
must be paid regardless of whether they are assigned work 
to perform, the cost of owning the equipment continues re- 
gardless of whether the equipment is used. 

An example of this principle is the loading of cased 
canned goods into a straight highway truck. Two tons, made 
up of 390 cases on skids (unit loads), were loaded onto 
the truck in five minutes by one man with industrial plat- 
form lift truck where it formerly took 45 to 60 min. for 
two men with hand trucks, moving five case§ at a time. The 
reduction in idle time for the straight truck during loading 
made it possible for the truck to make more trips. The truck 
was designed for moving materials and not for the tempo- 
rary storage of materials! 


Performance Principle 

The economic performance of materials-handling equip- 
ment is determined by the comparative expense per unit of 
materials handled. 

The mechanical features of a piece of equipment should 
not be the only criteria for selection. Usually several types of 
equipment, be they farm tractors, conveyors, fork-lift trucks, 
cranes or others, are capable of performing the task. Each 
will have its own characteristics with reference to speed, 
cost, maintenance of product quality, mobility, man-power 
requirements, etc. Therefore, equipment selection must be 
based on dollar performance rather than mechanical per- 
formance if maximum economy of time, manpower, and 
money is to be obtained. The relative efficiency for perform- 
ing the task is measured in cost per unit handled whether 
this be tons, gallons, bushels, packages, or other units of 
measure. 


Equipment Replacement Principle 

Economy in handling materials is increased by replacing 
handling equipment with more efficient equipment, when 
the savings affected are large enough to pay for the cost of 
replacement within a reasonable period of time. 

Before replacing equipment, it is necessary to make cer- 
tain that the present equipment is being used as effectively 
as possible, and that the new equipment be even more 
efficient. 

The strides that are being made today in developing new 
equipment and improving existing types hasten obsoles- 
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cence. Also, a major new development in processing can 
obsolete existing materials-handling equipment. An increase 
in the scale of operations of an enterprise opens up the pos- 
sibility for using more mechanized equipment economically. 

It is as a result of this continual change that it is neces- 
sary for the new equipment to pay for itself within a reason- 
able period of time out of the savings it makes possible. 
What is a reasonable period of time can only be determined 
by appraising the rate of change within the enterprise, and 
the services it renders together with the rate of develop- 
ment of new processes and materials-handling equipment. 
It is generally unreasonable to expect new equipment to 
pay for itself in one year except where change is very 
rapid; to do so is to deny improvements and savings that 
are worthwhile and cumulative from year to year. 


Safety Principle 

The productivity of materials-handling equipment is 
increased with safe working conditions. 

The protection of employees from possible injury is 
more than a humanitarian act; it is a means of lowering han- 
dling costs. When an employee is injured not only are his 
services temporarily lost, but the services of those who come 
to his assistance and those who collect out of curiosity are 
also lost. Some of management's time is diverted investi- 
gating and preparing accident reports as well as attending 
inquests. A severe accident has a demoralizing effect on all 
employees, they become overcautious, and their productivity 
suffers. In addition to these costs there are payments and 
benefits to the injured employee which are in turn reflected 
in liability insurance costs. 

The equipment selected for materials-handling opera- 
tions should afford proper protection to the employee and 
to the equipment. The facility should be well laid out and 
have adequate lighting to minimize accidents. Materials- 
handling operators should be properly instructed in the use 
of equipment and safe handling methods. 


Facility Layout Principle 

Facility layout has a direct influence on the efficiency of 
materials handling. 

Facility layout is an intergration of equipment, materials, 
work centers, or other floor or work areas, materials han- 
dling, and labor for the purpose of achieving an efficient and 
balanced arrangement for processing a product or supplying 
a service. A good facility layout aids materials handling 
while a poor layout often denies the use of the most effec- 
tive materials-handling equipment and methods. When a 
new facility is to be erected, there are limitless opportunities 
to develop a layout that facilitates materials handling. How- 
ever, the usual case involves an existing facility with its 
limitations on both layout and materials handling. 

A good layout facilitates materials handling by arrang- 
ing the process for a smooth and direct-line flow of mate- 
rials, provides adequate aisle or alley space for materials 
movement, minimizes congestion for using materials-han- 
dling equipment, has properly located loading platforms 
of proper height and width, has working areas of proper 
size, and provides safe working conditions. 

Storage areas should be of adequate size, located in the 
line of flow of the materials and permit the use of its cubic 
contents rather than its square feet of floor area by suitable 
materials-handling equipment. 
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INSTRUMENT NEWS 


Kar- Norris, Editor 


Sponsored by the ASAE Committee on Instrumentation and Controls. 
Contributions on agricultural applications of instruments and controls and 
related problems are invited, and should be submitted direct to K. H. 
Norris, South Wing, Administration Bldg., Plant Industry Station, 
Beltsville, Md. 


Continuous-Recording Wet-Bulb 
Apparatus 


Robert A. Saul 


Assoc. Member ASAE 

HE study of grain drying with natural or unheated air 
at the U.S. Department of Agriculture grain-storage 
laboratories located at Iowa State College, Ames, 
Iowa, has introduced the need for a continuous record of 
the wet and dry-bulb temperatures in order to have a knowl- 
edge of the drying potential of the air used in drying. There 
have been several methods proposed for wet-bulb measure- 
ments, some of which have been reported in AGRICULTURAL 
ENGINEERING. Methods previously reported (1, 2)* use 
a thermocouple enclosed in a cloth wick which is kept 
saturated with water with air blown over this wick to obtain 
the wet-bulb temperature. This method can be used success- 
fully to obtain the adiabatic saturation temperature of the 
air when the factors of radiation, heat transfer and air 
velocity are taken into account as they were in the two ap- 
paratuses mentioned above. One difficulty in such methods 
is the problem of maintaining a wet surface and feeding 

water to the wick without disturbing the system. 
Instead of using a single wick surrounding a thermo- 
couple, we have successfully used a deep bed of vermiculite 
which is easily kept wet. This was accomplished by filling 


Paper prepared expressly for AGRICULTURAL ENGINEERING. 
Approved as Journal Paper No. J-2927 of the Iowa Agricultural 
Experiment Station, Ames. Joint contribution of the agricultural en- 
gineering department, lowa State College and the Agricultural Engi- 
neering Research Branch (ARS), U. S. Department of Agriculture. 

The author—RoBert A. SAUL—is assistant agricultural engineer, 
U.S. Department of Agriculture. 

*Numbers in parentheses refer to the appended references. 
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Fig. 1 Schematic diagram of wet-bulb apparatus 
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a 20-gal galvanized can to a depth of approximately 12 in 
with vermiculite as is shown in Fig. 1 . A 2-in pipe extended 
from the top of the can down to a plenum chamber formed 
of fly screen in the shape of a cone which was about 6 in 
high and had a diameter at the base of about 8in. Air 
was forced up through the vermiculite either by blowing air 
down the pipe or sealing the top of the can with the inlet 
pipe extending above the seal and connecting a blower in- 
take to the space above the vermiculite. This latter method 
is preferred because it eliminates any addition of heat due to 
the blower. A thermocouple was located approximately 2 in 
above the cone and the same distance from the pipe. A 
drain hole was located 2 in above the bottom of the can and 
water was poured into the can either down the pipe or down 
the side of the can until it reached this level. A small blower 
was used to force the air through the vermiculite at the rate 
of approximately 35 cfm. There was enough movement of 
the water up through the vermiculite to keep it wet even 
with this rate of air flow. During hot dry weather there 
was enough water to last for 48 hrs or more. A large supply 
tank could be incorporated to extend this time. 

In this system the thermocouple senses the temperature 
of the air and vermiculite. In a deep bed such as this, the air 
passing through the wet material, and the material itself, 
both tend to stay at the wet-bulb temperature as long as free 
water is available for evaporation. By using an air-flow rate 
that assures a substantial portion of the depth at wet-bulb 
temperature and by having sufficient volume of wet ma- 
terial to prevent the central portion being influenced by 
heat transfer from the surfaces, adiabatic equilibrium is 
maintained. 

The purpose of the readings was to get an average wet- 
bulb temperature over a period of time. For this purpose 
any lag due to fluctuating atmospheric temperatures was un- 
important. It was observed, however, that the lag effect 
could not be detected even when checking individual read- 
ings with a hand aspirated psychrometer. 

T. E. Hazen of the Iowa State College department of 
agricultural engineering has used this method in a 1-gal 
round can with the same success obtained in the larger 
model. He estimated the rate of air delivery through the 
vermiculite to be less than 5 cfm. Readings from both ap- 
paratuses were recorded with a Brown recording potentio- 
meter. 

References 

1 Henderson, S. M. A _ constant-feed all-temperature wet-bulb. 
AGRICULTURAL ENGINEERING, vol. 33, p. 644, October, 1952. 

2 Haynes, B. C., Jr. and Smith, L. L. Psychrometric equipment for 


recording potentiometers. AGRICULTURAL ENGINEERING, vol. 36, p. 192, 
March, 1955. 


Zinc Die Casting Use Increases 


HE American Zinc Institute reports that an increase in 
the use of zinc die castings places a new demand on zinc 
production in the United States. 


Approximately 350,000 tons of special high grade zinc 
were used in 1955 for zinc die castings. These castings are 
used in a host of products ranging from umbrella rib tips 
to spin tub balance rings for automatic washing machines. 
The automobile industry uses zinc die castings for radiator 
grilles, hood ornaments, letters, headlamp moldings, door 
frames and handles, carburetors in addition to many other 
functional and ornamental parts. A gasoline lawn mower 
may use as many as 38 zinc die castings; a lock set may use 16. 
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TECHNICAL PAPER ABSTRACTS 


Following are brief reviews of papers presented at ASAE meetings. Information concerning com- 
plete copies of these papers may be obtained by writing to the American Society of Agricultural 


Engineers, St. Joseph, Mich. 


A Concrete Block House Using Liquid Ad- 
hesives, by M. A. Sharp, me | agricultural 
engineering dept., University of Tennessee, 
Knoxville. Presented at annual meeting of 
ASAE at Roanoke, Va., June, 1956, on a 
program arranged by the Farm Structures 
Division. Paper No. 56-1. 


A new type of concrete block made with 
recently developed expanded shale was 
designed, tested, and used in construction of 
an all-concrete experimental house at the 
University of Tennessee. The paper describes 
the blocks and explains a method of laying 
the blocks with liquid adhesives instead of 
sand mortar. These adhesives are said to 
have a tensile bond strength of about ten 
times that of sand mortar. They may be 
laid up very quickly by unskilled labor. 
When the air spaces are filled with loose fill 
insulating material, the wall has a very high 
insulating value. The author suggests that 
if this type of construction proves to be as 
good as preliminary observations indicate, 
it may make possible comfortable, perma- 
nent, low-cost homes built with unskilled 
labor. 

* 


Developments in the Measurement of Milk 
in Bulk Tanks, by A. K. Gillette and C. W. 
Hall, respectively, agricultural engineer and 
professor of agricultural engineering, Mich- 
igan State University, East Lansing. Pre- 
sented at annual meeting of ASAE at 
Roanoke, Va., June, 1956, on a program 
arranged by the Rural Electric Division. 
Paper No. 56-2. 


Accuracy in calibration devices for milk 
in bulk tanks is discussed in this paper. Of 
nearly 100 bulk tanks checked on farms a 
few months after installation 32 percent 
were still in accurate calibration, while 36 
percent were in error 1 to 3 Ib, 17 percent 
in error 4 to 9 lb, and 10 percent in error 10 
to 15 lb. The meniscus was found to vary 
considerably with different pouncing ma- 
terials. Reading errors are involved from 
stirring milk, improper seating of graduated 
rod, and poor driver habits. 

Other devices now being used to deter- 
mine the quantity of milk in a bulk tank are 
discussed. The importance of assuring that 
the tank is not shifted after calibration and 
methods of maintaining the position by floor 
design are also covered. Other factors dis- 
cussed are the doorway design, electrical 
service provisions, and other building fea- 
tures. The effect of varying butterfat and 
holding temperature will be related to cali- 
bration. Research needed in the field of 
milk measurement is presented. 


Routing Through Tide Gates, by Paul D. 
Doubt and G. E. Oman, civil engineers, de- 
sign section, engineering division, SCS, 
USDA, Beltsville, Md. Presented at annual 
meeting of ASAE at Roanoke, Va., June, 
1956, on a program arranged by the Soil 
and Water Division. Paper No. 56-3. 


A method of determining the size of out- 
let required to prevent inundation of land 
in diking systems above a stated elevation, 
or to determine for a selected pipe of stand- 
ard size the highest elevation at which 
inundation will occur, is presented in this 
paper. The method does not attempt to 
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predict the elevation of tide vs. time nor 
the design inflow rate, but assumes that this 
information has been obtained along with 
the storage characteristics on the land side 
of the dike and the rating curves of the pipe. 
The article emphasizes the correspondence 
that exists between the elevations of the 
tide when the gate opens, the elevation of 
the tide when the gate closes, and the size 
of culverts. The basic equation for routing 
through tide gates is developed to determine 
the correspondence of these three quantities. 
An approximate method of determining this 
correspondence is also given. 


Plastic Films in Farm Construction, by C. E. 
Staff, Bakelite Co., New York, N. Y. Pre- 
sented at the annual meeting of ASAE at 
Roanoke, Va., June, 1956, on a program 
arranged by the Farm Structures Division. 
Paper No. 56-4. 


This paper presents a brief review of two 
classes of plastic films: polyethylene and 
vinyl. Their important properties are em- 
phasized and commercial and experimental 
applications such as paulins, silage covers, 
canal and tank liners, mulches, vapor bar- 
riers and greenhouses are discussed. Parallel 
development of these materials in other in- 
dustries such as home building are men- 
tioned in order to stimulate the use of these 
materials in farm applications. 


The author expresses an opinion that the 
volume of farm applications oe plastic films 
will increase pins aN in the future be- 
cause plastic film applications offer low an- 
nual cost and high return for investment. 


Dollars and Cents in Farm Electrification, 
by J. H. Oliver, agricultural engineer, Gen- 
eral Electric Co., Schenectady, N. Y. Pre- 
sented at the annual meeting of ASAE at 
Roanoke, Va., June, 1956, on a program 
arranged by the Rural Electric Division. 
Paper No. 56-5. 


The application of electricity to farm 
chore operations for cost reduction and in- 
creased output per manhour is discussed. It 
reports that the progressive farm operator 
can make an adequate return on his invest- 
ment, even at present price levels, when he 
uses electricity at 1 to 3 cents per hour to 
do a man’s job. 


According to the paper, electrification of 
the poultry industry is rapidly approaching 
the automation level and makes it possible 
for the farmer to show a profit, even with 
prices at a level that would have meant 
bankruptcy 10 years ago. The dairy industry 
with its 53 hours of labor per $100 of milk 
produced, is reported to offer the greatest 
opportunity for cost reduction through 
electrification. 

* 


Post-War Agricultural Engineering, by J. H. 
Levin and C. W. Hall, respectively, agri- 
cultural engineer, (AERB, ARS), USDA, 
and associate professor of agricultural engi- 
neering, Michigan State University, East 
Lansing. Presented at annual meeting of 
ASAE at Roanoke, Va., June, 1956, on a 
program arranged by the Education and 
Research Division. Paper No. 56-6. 


Changes which have taken place in agri- 
culture and how agricultural engineers 
through training, interest, and professional 
societies, can better meet the problems of 
and be of service to agriculture, are pre- 
sented in this paper. The authors point out 
that in the past the problems of agriculture 
have dealt primarily with agricultural pro- 
duction and most of the attention and work 
have rightly been focused there, and should 
continue. However, they state that agri- 
culture is now faced with many problems in 
product preparation—preparation for live- 
stock feeding, preservation or for sale. New 
state and federal laws, demand for fruit 
and vegetable products, spending habits— 
have all placed more emphasis on product 
preparation. Data are presented to illustrate 
the changes, and thought is given as to how 
the agricultural engineer can help meet the 
problems involved in those changes. 


Development of A Sugarcane Harvester 
for Louisiana, by R. M. Ramp, agricultural 
engineer, Farm Machinery Section, ARS, 
USDA, Houma, La. Presented at annual 
meeting of ASAE at Roanoke, Va., June, 
1956, on a program arranged by the Power 
and Machinery Division. Paper No. 56-7. 


Development of a sugarcane harvester for 
Louisiana conditions that has been under 
way since 1949 is discussed in this paper. 
Because harvesting sugarcane grown in 
Louisiana presents problems not encountered 
in other sugarcane areas of the world, the 
author reports that the Louisiana sugarcane 
industry requires a harvester that will re- 
move 8 to 10 tons of trash from every 24 
tons of millable cane harvested; that will 
have a capacity of 200 tons per 9 hours 
with an average of 3 percent trash or less; 
and that will harvest the entire field inde- 
pendently under wet and dry field conditions 
while handling either erect or partially 
lodged canes in one continuous economical 
operation. 


The Hood Inlet For Closed Conduit Spill- 
ways and Highway Culverts, by W. Blais- 
dell and C. A. Donnelly, hydraulic engineers, 
watershed hydrology section, (SWCRB, 
ARS), St. Anthony Falls Hydraulic Lab- 
oratory, Minneapolis, Minn. Presented at 
annual meeting of ASAE at Roanoke, Va., 
June, 1956, on a program arranged by the 
Soil and Water Division. Paper No. 56-8. 


The hood inlet described in this paper is 
formed by cutting a pipe at an angle. The 
long side is placed on top and forms a 
hood over the entrance to the closed conduit 
spillway or culvert of which it is a part. 
The hood inlet is said to cause the spillway 
to flow full with a very low submergence of 
the inlet crown. The “priming” of the hood 
inlet is caused by the jet which is directed 
upward by the sloping inlet orifice. This 
has been found to seal off the spillway at 
the hood inlet even before the inlet itself 
is submerged. The headpool level then in- 
creases only slowly with increasing flow 
until the spillway is completely full. The 
minimum length of the hood said to insure 
full spillway flow at minimum heads is 
three-fourths of pipe diameter. This hood 
length is the minimum for all conduit slopes 
up to 36 percent, the steepest tested. 

The authors suggest that hood inlets 
should prove useful for many of the hun- 
dreds of thousands of closed conduit spill- 
ways used for farm ponds, flood detention 
structures, grade stabilization structures, sur- 
face drainage and irrigation drops, and high- 
way culverts. 
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Harris PEARSON SMITH 


FROM family legend it appears that at the 

age of 12, and small for his years, 
H. P. Smith declared, “When I grow up, 
I'm going to throw that Georgia stock in the 
Bogue Chitto River. I don’t believe that the 
Good Lord intended for anyone who has a 
mind to think to have to work so hard with 
his hands.” 

The Georgia stock, a one-mule walking- 
low frame and handles which served for 
a variety of simple tools for tillage and 
cultivation, was a symbol for all the hand 
tools and “hard way’ implements which 
then were the rule in Southern agriculture. 
And his boyhood resolve may explain, as no 
one seems able to explain, how in later 
years H. P. Smith became generally known 
as “Horse Power” Smith. 

It was because of his father’s ill health 
that the burden of farm operation was thrust 
upon the future medalist in his tender years. 
It also brought his first and perhaps prin- 
cipal exploit in farm structures. In the 
summer of 1914, after finishing high school 
and before entering Mississippi State Col- 
lege, he built a modified pole barn 30 x 60 
feet in size. He went out into the forest, 
selected fat pine logs for the post and 32- 
foot poles for the joists. Holes for the post 
were dug with a hand post hole digger. The 
post and the poles were handled with a 
20-foot tripod hoist he built for the job. 

He was born at Poplarville, Mississippi, 
on August 3, 1891. His parents were An- 
drew J. and Mary Louise (Bilbo) Smith. 
To his first school was a three-mile walk, 
with two unbridged streams on the way. 
Across them his father felled tall pines and 
hewed them flat on top, to form ‘‘foot logs.”’ 
Instead of picking his perilous way over 
the logs he would ride piggy-back with the 
teacher, his Uncle Theodore G. Bilbo, later 
famous as Governor and U.S. Senator. 


His higher education was at Mississippi 
State College, where he earned his B.S. in 
agriculture, specializing in agricultural engi- 
neering, in 1917, followed by M.S. in 1926 
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Cyrus Hall McCormick Medals 


were awarded to 
Harris Pearson Smith 
and 


Martin Ronning 


and A.E. in 1940, both at Texas A. & M. 
College. His first two years after graduation 
were with the U.S. Department of Agricul- 
ture. Then, in 1919, began his connection 
with Texas A. & M. College and its asso- 
ciated Experiment Station which continues 
to this day. 

Interrupted only by a leave of absence to 
serve in 1950-51 on an advisory commission 
to the Minister of Agriculture of Turkey, he 
has been associate professor, division chief 
in the Experiment Station in charge of 
research, and professor in charge of research 
—all in agricultural engineering. Since 1930 
he has supervised graduate students doing 
thesis work, and since 1947 has been a mem- 
ber of the graduate faculty. 

Despite his nickname “Horse Power,” Mr. 
Smith has not concentrated on the tractor as 
such, but rather on the ultimate applications 
of power in the soil and most conspicuously 
at the cotton boll. Indeed, there is hardly a 
phase of cotton culture, from planting and 
placement of fertilizer to cleaning of the 
machine-picked crop, but what has taken 
strides ahead as a result of his varied 
research. As expressed by Frank B. Rogers: 


“I have covered the cotton belt of America 
from Virginia to California repeatedly over 
the past forty years, and the cotton-growing 
sections abroad for thirty-three years, and I 
have met no one who, I think, has contrib- 
uted as much to the effort of mechanically 
harvesting cotton as H. P. Smith.” 


First and perhaps greatest of the develop- 
ments credited to him is a cotton stripper 
with principles now embodied in many com- 
mercial strippers. Related to it were a 
tractor-mounted bur extractor and a cleaner 
for removing foreign matter from seed 
cotton. He also developed a variable-depth 
planting device. 

Leading toward better equipment and 
practices were his studies into the effects 
of fertilizer placement, soil disturbance, fur- 


(Continued on page 492) 
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MARTIN RONNING 


HEN he was a lad of 15, a Minnesota 

farm boy and his brother built a tractor, 
and it worked. To be sure, it was only a 
5-horsepower gas engine which became 
self-propelled by the grace of old binder and 
mower wheels, chains, sprockets and pulleys. 
But in 1909 it was news when anybody built 
a tractor that worked. 

For Martin Ronning it was augury of a 
career concerned largely with harvesting ma- 
chines and their parts, the early workings of 
a mind which was to create an idea whereby 
a single engine and set of wheels would 
serve for a whole array of self-propelled 
machines for all the major harvesting opera- 
tions It led from the pioneer homestead 
to Mexico, Argentina, Europe and other 
lands, each with its special crops and condi- 
tions to challenge his talent. 

A farm near Dalton, Minnesota, was his 
birthplace and October 15, 1894, his birth 
date. His parents were Ole and Anne 
(Boen) Ronning, both natives of Norway. 
In a bit of their 240-acre farm was the Dane 
Prairie School where Martin, his two sisters 
and six brothers, as well as neighboring 
children started their educations. He at- 
tended high school at Fergus Falls. 


Martin Ronning got his higher education 
the hard way. He had been a cowboy with a 
brother homesteading in the Black Hills of 
South Dakota. In World War I, he was 
stationed at Camp Grant, near Rockford, 
Illinois, and it was Martha Schoepp of Rock- 
ford whom he married in August of 1919. 
While there he had taken a job as lathe 
hand, but in 1920 returned to help with the 
home farm, then went to work as a machin- 
ist in Minneapolis. 

For a couple of years he had been pur- 
suing courses with the International Corres- 
pondence Schools, and in 1921 made bold to 
ask for a job as draftsman with William 
Bros Mfg. Co. of Minneapolis, boiler build- 
ers. Through the five years that he worked 
there he studied engineering in evening 
classes at the University of Minnesota ex- 
tension division. It was on one of those 
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The American Society of Agricul- 
tural Engineers Awards Annually 
the Cyrus Hall McCormick Medal 
for “Exceptional and Meritorious 
Engineering Achievement in Agri- 
culture’ and the John Deere Medal 
for “Distinguished Achievement in 
the Application of Science and Art 
to the Soil.” Presentations of the 
1956 Awards Were Made During 
the Society's 49th Annual Meeting 
at Roanoke, Va., June 19. 


nights that he slept to the end of the street- 
car line, far in the suburbs, whence he had 
another hour’s ride back. 

Then, in 1927, he saw and answered an ad- 
vertisement for what today would be called 
a project engineer. It promised a chance to 
work out his boyhood dreams and ambition 
for the advancement of farm machinery. 
And so he joined the Minneapolis Threshing 
Machine Company for its transition from 
threshers to combines. 

It was a task for which he had both zest 
and background. When 14, he had joined 
the threshing crew of an older brother, 
working all the positions including that of 
firing with straw, until at 19 he was the 
“engineer.” But he had shared with his 
brother the bitter experience of losing jobs 
to a rival thresherman who claimed to do 
better work with his Minneapolis machine. 


Henceforth he was to work with, not 
against, Minneapolis. 
His opportunity soon broadened. In 


1929, the firm merged with Minneapolis 
Steel and Machinery Company, builders of 
tractors, and Moline Implement Company, 
manufacturers of tillage equipment, to form 
a full-line concern. At first called the Min- 
neapolis-Moline Power Implement Com- 
pany, its name was, in 1949, shortened to 
Minneapolis-Moline Company. 

In perspective, his career with the com- 
pany has been one of such steady progress 
as to be more monotonous than dramatic— 
succession of machine models, a series of 
machine elements. He balanced combines 
over a single axle, eliminated the front- 
wheel assembly and in ether ways reduced 
weight. He devised a single-unit feeder 
and separator. He designed combines in 
cutting widths from 69 inches to 14 feet. 
He created an automatic wire-tie hay baler 
in 1946, and earlier had advanced designs 
for large and small sizes of the long-famous 
Minneapolis corn shellers. 

A dramatic exception is Mr. Ronning's 
concept of diverse self-propelled machines 


(Continued on page 492) 
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‘Gold Medalists 


The John Deere Medal 
was awarded to 
Arthur W. Clyde 


WW HOEVER it was who said, ‘‘Engineer- 

ing is mostly common sense with 
mathematics,” might well have been think- 
ing of Arthur W. Clyde. Certainly few 
men have been able to keep their feet so 
firmly on the ground of practical * engineer- 
ing applications and at the same time guide 
every step by the principles of mechanics. 
Add a talent for making mathematical con- 
cepts less mystifying, and you see at least 
one side of the 1956 John Deere Gold 
Medalist. 


Son of Jefferson F. and Harriet Clyde, he 
was born March 30, 1891, at Osage, Iowa, 
and there had not only his elementary and 
high school education but a year of liberal 
arts at Cedar Valley Seminary. Then came 
an experience such as inspired other notable 
engineers. He got a job on a project to take 
a tractor to North Dakota to break virgin 
prairie and seed it to flax. His work with 
that pioneer Hart-Parr 22-45 led him to 
enroll in agricultural engineering when he 
entered college. 


That was at Iowa State College, where 
he received the bachelor’s degree in 1915. 
Then came three years of work for the In- 
ternational Harvester Company at Fort 
Dodge, Iowa, in sales and service, followed 
by two years with the Portland Cement 
Association of Chicago, doing engineering 
and promotional work on farm uses of 
concrete. 


In 1920, Mr. Clyde returned to Iowa State 
College as extension agricultural engineer. 
Besides the usual duties of that job he did 
experimental work with barn roof trusses, 
assisted in developing the famous Iowa 
traction dynamometer, and along the way 
earned his M.S. degree, conferred in 1931. 


In the same year he went to Pennsylvania 
State College, now Pennsylvania State Uni- 
versity, as associate professor and then pro- 
fessor of agricultural engineering. He was 
acting head of the department from the 
first of 1952 to August of 1954. He has 
done some undergraduate teaching and 


ee 


te 
7 
7 
7 
_ 
ue 
7] 


ARTHUR W. CLYDE 


conducted graduate courses, but his major 
responsibility has been research. 


Seldom, during these years, has his re- 
search been away from the smell of the soil, 
and then mainly to the aroma of new-mown 
hay and other forage. To a degree more lit- 
eral than most of its donees, Clyde fulfills 
the inscription of the John Deere Medal, 
“For Distinguished Achievement in the 
Application of Science and Art to the Soil.” 


All along, an abiding motive has been the 
correct application of mechanics to tractors 
and implements. A quarter-century ago 
little was really known about the soil reac- 
tion forces on tillage tools, notably their side 
and vertical components. And so he built 
and used the tillage meter, the first appara- 
tus in the country for measuring in three 
planes the resistance encountered by various 
soil-working tools. 

With its aid he has exploded some tra- 
ditional beliefs about the hitching of im- 
plements, and also about their design. He 
found that the classical center of resist- 
ance in moldboard plows, inherited from the 
simple walking plow, had little meaning 
with modern wheel-borne and _ tractor- 
mounted plows. The offset disk harrow, 
too, was impossible of analysis until there 
were definite data on the way that soil re- 
sistance responded to changes in disk size, 
angle, and weighting. 

Data from the tillage meter, together 
with Mr. Clyde's relentless insistence on 
complete resolution of forces, resulted in his 
authoritative analysis of what happens with 
all the superficially similar but basically 
different types of three-point linkages used 
for rear-mounted tractor implements. From 
all these studies have come not only revised 
instructions in textbooks, educational bulle- 
tins and manufacturers’ manuals but ad- 
vances in implement design. 


Still in the soil, and especially the stony 
soils of Pennsylvania, was his research into 
theory and practical devices for dissipating 
kinetic energy when a plow strikes an ob- 
stacle. He studied springs, hydraulic cylin- 
ders, and combinations thereof. He probably 
was first to sense the peculiar value of 
hydraulic cylinders for this purpose. He not 


(Continued on page 492) 
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Harris P. Smith 
(Continued from page 490) 


row openers, covering devices and press 
wheels, seed-dropping mechanisms and thin- 
ning methods, chemical methods of weed 
control, nozzle-type and arrangement in in- 
sect control, and storage of seed for planting. 

He gave attention to garlic, too, devising 
a digger and two types of driers for heated 
and natural air. He developed methods 
whereby millions of acres of ranch lands 
were cleared of prickly pear. His quest for 
quality in peanuts led to changed design in 
peanut combines. For twenty years he has 
been studying the rate of corrosion of wire 
as affected by atmospheric exposure. 


As an author, Professor Smith is famous 
for his book “Farm Machinery and Equip- 
ment,” widely used as a college text in this 
and other countries. First published in 1929, 
it has come out in other editions in 1937, 
1948, and 1955, with a Spanish edition in 
1945. Of it, a colleague in a neighboring 
state says, “The author has been more alert 
in revising and rewriting his book than has 
any author in his field.”’ 

Of Texas Agricultural Experiment Station 
bulletins, circulars and progress reports, 
Professor Smith’s name appears as author 
or co-author of some 35 titles. Among 96 
articles he has written for farm, trade and 
technical publications and reference works 
are nine feature contributions to AGRICUL- 
TURAL ENGINEERING. 

His membership in ASAE, dating from 
1920, includes service on its Subcommittee 
on Fertilizer Application. He is a member 
of the American Society for Testing Ma- 
terials and councilor for its Southwest Sec- 
tion. Other memberships include the Asso- 
ciation of Southern Agricultural Workers, 
Steering Committee for the Belt-Wide 
Cotton Mechanization Conference, and the 
Regional Technical Committee on Cotton 
Mechanization. 


He is a registered professional engineer 
in Texas, member and vice-chairman of the 
Texas Library Natural Resources Board, 
was consultant to the War Production Board 
in 1945, and collaborator for the Southern 
Research Laboratory in 1948. Local and fra- 
ternal connections include Tau Beta Pi, Phi 
Kappa Phi, Brazos Union Lodge 129 AF 
and AM, Knife and Fork Club, and the 
First Baptist Church of Bryan. 

During their sojourn in the Near East, 
Professor and Mrs. Smith sought out the 
ruins of the Seven Churches of Asia Minor, 
as mentioned in the Book of Revelation. 
Applying his hobby of photography, he se- 
cured some six hundred color slides and 
many hundred feet of movie f&lm. These 
have given him material for dozens of pic- 
torial lectures to clubs, conventions and re- 
ligious assembles. 

Also stemming from his experience in 
Turkey has been a bond of goodwill with 
the people of that country, and especially 
of fatherlv friendship for Turkish students 
who have come to Texas A. & M. His own 
sons, Harris P. Jr., and Robert S., are re- 
spectively, a designing engineer of Houston, 
Texas, and a lieutenant in the U.S. Navy. 
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Martin Ronning 
(Continued from page 491) 


without duplication of power and propelling 
parts. In his duly attested sketches of April 
6, 1945, he does not use the term “tractor,” 
but designates his dream as a “‘self-con- 
tained, self-propelled unit.’’ These sketches 
include, as examples, the embodiment of a 
combine and of a two-row corn picker. Be- 
sides them, the Uni-Farmor family now in- 
cludes a picker-sheller, a forage harvester 
with row-crop, pick-up and direct-cut head- 
ers, a hay baler, and a windrower. Addi- 
tional units in preparation are a grain drill 
and other machines. 


The basic unit, the “Uni-Tractor,”’ has 
intrigued others. For use with it is a John 
Blue anhydrous ammonia applicator, a man- 
ure spreader by United Implements, and 
custom foragers by Western Land Roller 
Company and Fox River Tractor Company, 
and a sugar-beet harvester by Oppel Har- 
vester Company, Boise, Idaho. The 1955 
Class of Iowa State College made a class 
project of designing and building a mold- 
board plow for the ‘“Uni-Tractor.”’ 

In farm safety, Martin Ronning is a legen- 
dary figure. From its outset some 20 years 
ago, he has served on the farm section of 
the Minnesota Safety Council and has also 
served on the farm conference of the Na- 
tional Safety Council for about 12 years. He 
completed a term as chairman of the confer- 
ence in 1955 and is at present a member of 
the council's board of directors. 

Dovetailing with this is his activity in 
the advisory engineering committee of the 
Farm Equipment Institute, to which he was 
named in 1940 and wherein he serves as 
chairman of the implement section. Largely 
through his tireless effort the FEI recom- 
mendations on tractor and implement light- 
ing were formulated and cubediol in the 
national Motor Vehicle Code. 


Besides ASAE and his activities in safety 
and in the FEI, Mr. Ronning is a member 
of the Society of Automotive Engineers, the 
Minnesota Federation of Engineering So- 
cieties, Engineers Club of Minneapolis, Min- 
neapolis Athletic Club, and past-president of 
the Rotary Club of Hopkins, Minnesota. 

Of Mr. Ronning’s writing there is no 
bibliography. Despite notable papers be- 
fore professional meetings, plus articles in 
engineering, farm and trade publications, 
he never bothered to maintain a file or 
record. 


In contrast with his clear-cut professional 
career are conflicting reports as to his per- 
sonal proclivities. Some tell how he long 
has been landlord to families of martins, 
and how in the heart of the city he has ten 
or fifteen pheasants as guests at feeding 
time. Others talk of his fishing forays in 
the lake beside his cottage in northern Min- 
nesota. But lake neighbors complain that 
he has made the fish so safety-conscious that 
they won't bite bait. 

With a birthright of the language direct 
from the old country, plus a rich background 
of its impact on English, Martin is famous 
for his rare Norwegian stories. His Spanish, 
picked up in Latin lands, betrays the latent 
emotion which his English disguises. Often 
considered a somewhat reserved and reticent 
figure, he blossoms into full flower in the 
Romance languages. In any language, he is 
equally at home with dignitary or dirt 
farmer, in front of a forum or over a wire 
fence. 
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Arthur W. Clyde 


(Continued from page 491) 


only built several such devices, but also 
published the principles thereof for use by 
the entire industry. 


In addition, Professor Clyde has taken 
brief leaves of absences for specific projects 
with individual companies. He worked with 
Allis-Chalmers on built-up plow beams and 
on cushion hitches. For John Deere he 
studied certain phases of tractor stability. 
He also built a model tractor for demonstrat- 
ing what makes tractors upset in various 
conditions, and by its presentation to farm 
and youth groups made substantial contribu- 
tion to farm safety. 


In the famous Ferguson-Ford patent liti- 
gation he won acclaim for the clarity with 
which he unraveled the complex technical- 
ities involved. At one stage, tests were 
planned to prove performance when the 
plow struck an obstacle. One of the lawyers 
proposed to put down two steel plates, 
spaced like the plow bottoms. He still 
chuckles at Art’s comment, “Back in the 
hills of Pennsylvania our rocks don’t come 
in pairs like that.”’ 


Few men in research have been so faith- 
ful, and so effective, in making known their 
findings. Among more than fifty bulletins 
and articles of which Clyde is author or co- 
author, over a score are Journal Series 
articles of the Pennslyvania Agricultural Ex- 
periment Station which have been published 
in AGRICULTURAL ENGINEERING along the 
years from 1932 through 1955. 

Among his writings is a series of articles, 
in six successive issues of “Farm Implement 
News,” also published in booklet form, on 
“Mechanics of Farm Machinery.” In them 
he carried to a readership of farm machinery 
dealers and service personnel the basic prin- 
ciples of balance and combination of forces, 
as well as their application to tractor pull 
and stability and their occurrence in mold- 
board and disk implements. 


In connection with his writings, he gives 
praise for editing assistance to Mrs. Clyde, 
who until 1917 was Ruth Moe and who is 
mother of their two sons and a daughter. 
Indeed, a colleague hints that Art is on his 
mettle to keep up with Ruth’s interest in 
higher mathematics. 


From his joining the American Society of 
Agricultural Engineers in 1920, he has been 
notable in consistent contributions to its 
technical meetings and to its technical 
Journal. In 1944-46, he was successively 
vice-chairman and chairman of the North 
Atlantic Section. In 1945-47, he served a 
similar sequence with the Power and 
Machinery Division, and for some years has 
been a member of its steering committee. 


Other of Professor Clyde’s memberships 
include Tau Beta Pi, Sigma Xi, Phi Kappa 
Phi, Delta Theta Sigma, Delta Sigma Rho, 
and the American Society for Engineering 
Education. He belongs to the Methodist 
Church, the Masonic Order, and is a regis- 
tered professional engineer in the state of 
Pennsylvania. In the latter connection he 
has assisted the state registration board in 
preparing examinations. 

Except for making graphical or statistical 
records of baseball and football games, Art 
Clyde is a perfectly normal human being. 
He dabbles in amateur magic, dotes on old 
cars without buying them, acts as sidewalk 
superintendent on campus and community 
construction, is a devotee of “do it your- 
self,’ and with his wife sang in the church 
choir for many years. 
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First Max Eyth Medal Award in America 


AYMOND OLNEY, who has served as 

editor and publisher of AGRICULTURAL 
ENGINEERING, the journal of the American 
Society of Agricultural Engineers, since 
1921, was awarded the 1956 Max Eyth 
Medal by the Max Eyth Society for the 
Advancement of Agricultural Engineering. 
Presentation of the medal was made on the 
occasion of the 49th Annual Dinner of 
ASAE at the Hotel Roanoke, Roanoke, Va., 
on June 19. H. Albrecht Sack, a member of 
the Max Eyth Society and a young German 
agricultural engineer employed at the John 
Deere Waterloo Tractor Works, made the 
presentation. 

The Max Eyth Society, the society of 
German agricultural engineers, named Mr. 
Olney as recipient of the award in memory 
of the 120th birthday (May 6) of the Ger- 
man engineer-poet and first agricultural en- 
gineer, Max von Eyth. The citation on the 
certificate aptly describes why an American 
engineer was chosen; it reads: “The Max 
Eyth Society for Advancement of Agricul- 
tural Engineering awards, with this certif- 
icate, the Max Eyth Medal to Mr. Ray- 
mond Olney, St. Joseph, Michigan, USA, in 
deep appreciation of his work in editing 
scientific publications and his outstanding 
efforts toward promoting better understand- 
ing and relations between American and 
European Agricultural Engineers.” 

A congratulatory letter to Mr. Olney from 
Fritz Muller, chairman of the board of direc- 
tors of Max Eyth Society, also conveyed a 
most cordial message, in part as follows: 

“We want to express our deepest grati- 
tude for the kind assistance and advice which 
you have given to so many scientists, uni- 
versity faculty members, and students tour- 
ing the United States. 

A large number of European agricultural 
engineers are indebted to you and to the 
members of the ASAE for the success of 
their trips through the United States. 

“Also, through your work as editor of 
the Journal of the American Society of Agri- 
cultural Engineers you have contributed to 
a better public understanding of the im- 
portance of agricultural engineering and 
appreciation of the work of agricultural 
engineers. 

Following is Mr. Olney’s response in 
accepting the award: 

“To be named a recipient of the Max 
Eyth Medal is a signal honor indeed—one 
that makes me very proud, but also very 
humble. 

“The citation for this award expresses ap- 
preciation for efforts to promote better un- 
derstanding and relations between European 
and American agricultural engineers. A 
readiness to share the benefits of their pro- 
fessional progress with colleagues overseas 
has ever been characteristic of our American 
group, and in my contacts with agricultural 
engineers of Germany and other countries, 
I have simply endeavored to exemplify that 
attitude. So, I like to feel that, in awarding 
this medal to me as an individual, the Max 
Eyth Society is, in the larger sense, honoring 
all of you—you of ASAE—for your generous 
sharing with colleagues in Europe and else- 
where around the world. 


“And now, as a special word to the Max 
Eyth Gesellschaft, of which I am proud to 
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Raymond Olney (Left) receives German agri- 

cultural engineering society award from H. 

Albrecht Sack during ASAE Annual Dinner 
at Hotel Roanoke, June 19 


be a member, I want to say ‘Thank you,’ as 
sincerely and as gratefully as I can, for the 
fine tribute and the great honor conferred 
upon me.” 

The Max Eyth Gesellschaft was named in 
honor of Max von Eyth, who was born in 
Germany in 1836. In 1861 he traveled to 
England and entered Fowler's Agricultural 
Implement Works at Leeds as an engineer. 
From 1863 to 1866 he served his company 
in Egypt as chief engineer where he intro- 
duced the steam plow. Introduction of the 
steam plow in Egypt was prompted pri- 
marily because of the high cost of cotton 
grown in the United States during the 
War Between the States. 


Max Eyth was both an engineer and poet, 
blessed with a fantastic ability to express his 
thoughts in poetry, even those concerning 
engineering. He once wrote that he was 
fortunate to be living in a world that is 
not living in the past, but in a world of 
will be. 

In 1882, after he returned to Germany, 
he formed the German Agricultural Society 
for the purpose of promoting agricultural 
exhibits, shows, fairs and technical meetings. 
The Max Eyth Society for the advancement 
of engineering in agriculture was formed 
later in his memory. Its present membership 
is well over 500 members. The organization 
holds an annual winter technical meeting 
and a summer meeting held in conjunction 


with a fair of the German Agricultural 
Society. 

The activities of the society are intended 
to be of interest to everyone who is con- 
cerned with agricultural engineering. The 
society's meetings provide an opportunity for 
the presentation of papers, scientific sessions, 
and personal contact with agricultural engi- 
neers from all over the world. The society 
conducts an employment service, a public 
information service and an active student 
member program. Scholarships from indus- 
try are available through the society. 


Awarding of the Max Eyth Medal was 
begun in 1950 when Mr. Schlabach, first 
president of the agricultural engineering 
council, was awarded the medal posthum- 
ously. Other recipients that year included 
Hermann Raussendorf for his outstanding 
work in the development of a low-density 
straw baler and tubular construction of farm 
machinery, Anton Lentz for development 
work in the manufacture of the Bulldog 
tractors, and Erich Reuter for development 
of a multipurpose cultivator. 


Kurt Burchard for his work on an in- 
tegral hitch for mounting a full line of im- 
plements on tractors, and Willy Schosnig for 
development of a Diesel engine for a small 
agricultural tractor were awarded the medal 
in 1951. In 1952 Heinrich Clausing for 
development work in tillage machinery and 
Gregor Wolf for his work on the develop- 
ment of hand and garden tools received 
the medal. The 1953 recipients were Dr. 
Hans Sack for development of a mechanical 
sugar beet and potato harvester and Dr. 
Hans Sack (member ASAE) for develop- 
ment of a sugar beet and potato harvester 
and Dr. Hans Zodler for development of 
mounted tractor implements. In 1954 Joseph 
Eicher for development of an air-cooled 
Diesel tractor engine and Harald A. Moberg 
(member ASAE), Swedish Agricultural Ma- 
chinery Testing Institute, Uppsala, for work 
in establishing international testing methods 
for tractors and farm machinery, were 
awar -d the medal. Dr. Walter Mertens for 
work on development of mowing devices for 
lodged grains and Friedrich Segler, Sr., for 
development and design of a forage chopper, 
were recipients in 1955. 

In addition to Raymond Olney, the medal 
was awarded in 1956 to Dr. Baron of Wil- 
mowsky for his work in coordinating agri- 
culture and industry and to Paul Rober for 
development of steel seed cleaning machines 
and introduction of their cooperative use. 


- 


gi RDIEN. 


The 1956 Max Eyth Medal was presented in honor of the 120th birthday (May 6) of Max Eyth, 


German engineer-poet and first agricultural engineer who introduced the steam plow into Egypt 


for the production of cotton during the 1860's 
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Leonard J. Fletcher Elected 
Honorary Member 


IN recognition of his exceptionally active 
career, so much of it in behalf of agricul- 
tural engineering, and because he always has 
been bigger than his job, always able and 
willing to do more than his share, the 
Council of ASAE re- 
cently has _ elected 
Leonard J. Fletcher to 
the grade of Honorary 
Member in the Society. 

The election closely 
followed the an- 
nouncement of Mr. 
Fletcher's retirement 
as vice-president of 
Caterpillar Tractor 
Co., after nearly 30 
years with the com- 
pany when he reached & 
the retirement age Of Leonarp J. FLETCHER 
65 on May 1. 

Mr. Fletcher was born May 1, 1891, on a 
dairy farm near Chadron, Nebr. He received 
a B.S. degree in agricultural engineering in 
1915 from Iowa State College. After grad- 
uation he remained a few months working 
on creation of a self-supporting clay block 
arch for fire-proof barns. He taught agri- 
cultural engineering at Washington State 
College for one year and later was an in- 
structor and head of the division of agricul- 
tural engineering at the University of Cali- 
fornia. In 1927 he entered the employ of 
the Caterpillar Tractor Co. 

In 1929 he began a three-year period in 
Soviet Russia where he worked with other 
planning agencies and engineers in the ap- 
plication of mechanical power to grain 
production and road building. He returned 
to the United States in 1933. His activities 
within the Caterpillar organization included 
director of agricultural sales, assistant gen- 
eral sales manager, director of training, 
director of community relations division and 
vice-president of the company. 

He became a member of the American 
Society of Agricultural Engineers in 1918 
and has been consistently active. He was 
chairman of the College Division in 1926- 
27, chairman of the Power and Machinery 
Division in 1928-29, and president of the 
Society in 1931-32. He was awarded the 
Cyrus McCormick Medal in 1944 and won 
a University of Missouri medal for distin- 
guished service in engineering in 1954. 

Future plans include building a new home 
in Carmel, Calif... where he and his wife 
will take up residence. 


Stages A-E Field Day 


HE Alabama Student Branch of ASAE 

held its first Agricultural Engineering 
Field Day on April 13 and 14, for the pur- 
pose of publicizing agricultural engineering, 
and to promote a stronger demand for agri- 
cultural engineers. The event consisted of 
a full day of displays and demonstrations 
designed to present to the public the latest 
agricultural engineering developments as 
they apply to agriculture. 

Each division of agricultural engineering 
was represented by effective displays. Much 
of the equipment for the displays was fur- 
nished by manufacturers and dealers in 
the area. 

In the farm machinery exhibit, many 
kinds and types of tractors, combines, cotton 
pickers, mowers, forage harvesters, grain 


494 


ASAE Meetings Calendar 


August 28-30—NorTtH ATLANTIC SECTION, 
Riley-Robb Hall, Cornell University, 
Ithaca, N. Y. 


October 24-26 — PaciFIC NORTHWEST SEC- 
TION, Penticton, British Columbia 


December 9 to 12 — WINTER MEETING, 
Edgewater Beach Hotel, Chicago 
Note: Information on the above meetings, 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 


drills, and tillage equipment were on dis- 
play. A full-size irrigation system, which 
was put into operation at regular intervals 
throughout the day on the front lawn of the 
agricultural engineering building, was the 
main attraction of the soil and water exhibit. 

The rural electrification exhibit included 
several types and sizes of electric motors, 
water system displays (including TVA’'s 
latest display trailer unit of cutaway water 
systems), display panels of the latest farm- 
stead wiring systems, and a demonstration 
model of a refrigeration unit. The main 
attraction of the electrical exhibit was one 
of International Harvester Co’s Electrall 
units which was used to power an electric 
range. In the farm structures exhibit, there 
were several scale models of pole-frame 
buildings and a large display of the latest 
commercial building materials for both in- 
terior and exterior use. 

The tremendous interest shown by the 
visitors of the first Alabama Agricultural 
Engineering Field Day, has impressed the 
student branch at API that the event was 
worthwhile in achieving its purpose. 


EJC Professional Standards and 
Employment Conditions Report 


HE Engineers Joint Council has released 

a report entitled Professional Standards 
and Employment Conditions. In a statement 
accompanying the report, Thomas H. Chil- 
ton, president of EJC, says: 

“The report represents the labors of many 
thoughtful people who have considered and 
discussed the problems of engineers as em- 
ployees. A wide diversity of views was to 
be expected on problems having as many 
ramifications as these have. The report was 
finally adopted only after review by the 
EJC executive committee and special task 
committee following months of arduous 
work by EJC’s committee on employment 
conditions. 

“It is, therefore, not the work or view of 
any one individual, and perhaps everyone 
will find some part of it with which he does 
not fully agree. It does, nevertheless, repre- 
sent, I believe, a significant appraisal of 
employment factors which deserve attention. 
The EJC board of directors endorses the 
recommendations contained in this report 
and strongly urges the constituent societies 
to examine this entire study carefully. 


“Important responsibilities of the pro- 
fessional engineer, employers of engineers, 
engineering societies, and engineering edu- 
cators are identified in the report. Each of 
us as professional engineers, and all others 
directly or indirectly associated with the 
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profession, must strive diligently to estab- 
lish a clear understanding of employment 
conditions necessary to meet professional 
employee expectations. An employment 
environment which encourages full pro- 
fessional and technical development of 
employed engineers is essential to the ad- 
vancement of the profession, and the realiza- 
tion of their fullest contribution to the 
economy.” 


Copies of the report are available without 
charge from Engineers Joint Council, 29 
West 39 St., New York 18, N. Y. 


Three Receive USDA Superior 
Service Awards 


HREE extension agricultural engineers 

were presented Superior Service Awards 
by the Secretary of Agriculture, Ezra T. Ben- 
son, at an honor awards ceremony in 
Washington, D. C. on June 5. 


Virgil Overholt, Fellow of ASAE, re- 
ceived the award “for his contribution to the 
present effective soil and water management 
program in the State of Ohio.” 

Mr. Overholt received a B. S. degree in 
agriculture at Ohio State University in 1915 
and was appointed extension agricultural en- 
gineer in Ohio that same year. With excep- 
tion of service in World War I and time out 
for advanced work at Wisconsin and Ohio, 
he spent 41 years as extension agricultural 
engineer. 


Earl G. Welch, member ASAE since 
1918, was honored “for leadership in de- 
veloping needed agricultural engineering 
practices for Kentucky, and in getting these 
practices accepted and applied by the farm- 
ers of the state.” 

Mr. Welch received a B.S. degree in agri- 
cultural engineering at Iowa State College 
in 1914 and immediately joined the agri- 
cultural engineering teaching staff at the 
University of Georgia, doing extension work 
during the summer. In 1920 he was ap- 
pointed extension agricultural engineer in 
Kentucky where he has served for the last 
36 years. 


Ivan D. Wood, Past-President and Fellow 
of ASAE, was selected to receive the award 
“for establishing an effective educational 
program linking farmers, research workers, 
agency representatives, and commercial peo- 
ple in a friendly cooperative effort to con- 
serve and wisely use irrigation water.” 


Mr. Wood received a B.S. degree in en- 
gineering in 1912 and an M.S. degree in 
agricultural engineering in 1913 from the 
University of Nebraska. He was appointed 
extension agricultural engineer in Nebraska 
in 1914 serving in that capacity until 1940 
with the exception of service in World War 
I and two special assignments on irrigation 
and water conservation with the U.S. Forest 
Service. 

In 1940 he became district and area engi- 
neer in the 17 western states for the Farm 
Security Administration. In 1945 he was 
appointed irrigation engineer with Soil Con- 
servation Service and federal extension irri- 
gation specialist with headquarters in Den- 
ver, Colo. He was elected president of 
ASAE in 1952 and received the John Deere 
Gold Medal that same year. In 1954 he 
was the recipient of the honorary degree of 
doctor of agriculture from the University of 
Nebraska. 
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High Lights of the 1956 


OUTHERN hospitality prevailed and a 

spirit of confidence in reaching the goal 
of 5000 members by the 50th anniversary 
year of the American Society of Agricultural 
Engineers was in evidence at the Society's 
49th annual meeting at Hotel Roanoke, 
Roanoke, Va., June 17-21. Fuel was added 
to the emphasis on membership progress 
when figures were released indicating that 
the Society is only 294 short of the 5000 
mark, as of June 1, and that a gain in mem- 
bership during the preceding year was 288. 


In true tradition of the South, the local 
arrangements group and members of the 
Virginia Section went all out in arranging 
and handling the affairs of the meeting. The 
excellent manner in which all functions 
were carried out on schedule was in itself a 
tribute to the fine work done by those in 
charge. 

Activities began on Saturday, June 16, 
with the Council of ASAE opening its meet- 
ing at 2:00 p.m. Other early arrivals were 
busy setting up extension exhibits and the 
local committee was making final arrange- 
ments for registration. 


The registration desk was a beehive of 
activity on Sunday, and by evening nearly 
800, including women and children, were on 
hand to attend the hospitality supper spon- 
sored by the Virginia Section and a host of 
companies and associations located or repre- 
sented in Virginia. Entertainment during 
the meal was provided by Sammye Stanley 
Bowman, organist, who played songs of 
the states, U. F. Earp, chairman of the ac- 
commodations committee, perp during 
the evening program. Members of the local 
committee were introduced by J. L. Calhoun, 
chairman of the local arrangements group. 
An excellent talent program, presented by 
4-H members which featured singing, danc- 
ing, other musical selections, pantomine and 
ventriloquism, was enjoyed by everyone. 
J. A. Waller kept interest high by conduct- 
ing a raffle at various times during the pro- 
gram. Prizes consisted of ten Smithfield 
hams and many other foodstuffs produced in 
Virginia. Bearers of five lucky Confederate 
bills were also presented with Smithfield 
hams. 

The cabinet meeting was held Sunday at 
3:00 p.m. R. J. Alpers, chairman of the 
Michigan Section, reported on the plans 
for the Golden Anniversary meeting of the 
Society to be held in June, 1957, at Mich- 
igan State University, East Lansing, Mich. 
E. W. Tanquary reported on a reorganiza- 
tion plan for the Motion Picture Committee 
in which a visual aids committee will be 
formed, and three new subcommittees to be 
known as the operating, finance, and shoot- 
ing committees. T. W. Edminster reported 
on cooperative activity between the ASAE 
Soil Compaction Committee and the Soil 
Science Society of America in establishing 
a classification for soils under compaction 
and a tentative standard for publication. 


T. E. Hienton reported on activities of 
the ASAE Committee on Engineers’ Classi- 
fication in Civilian and Military Service. He 
stated that in the latest list of critical occu- 
pations, agricultural engineers were listed 
under the heading of mechanical engineers. 
He was confident that a new MOS military 
classification number for agricultural engi- 
neers would be adopted soon. T. W. Ed- 
minster reported on the addition of an extra 
day to the Soil and Water Division ps 
for a special session on problems of interest 
to public lands and public works projects. 
He said that plans are being made for a 
similar session at the annual meeting again 
next year. 

A roll call showed a large proportion of 
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Sections represented. In line with increased 
membership, Section representatives were 
asked to explain unusual methods used for 
membership promotion. 


Monday forenoon concurrent programs for 
each of the four technical divisions, the 
Education and Research Division, and the 
student group were in session. Organized 
tours to such scenic and historic places as 
the VPI campus, Natural Bridge, Lexington, 
Blue Ridge Parkway Skyline Drive, N. & W. 
Railway shops, and several manufacturing 
concerns in the area, were conducted Mon- 
day afternoon. During the VPI carmpus tour, 
the agricultural engineering building was 
officially named Seitz Hall after C. E. Seitz, 
former head of the agricultural engineering 
department. A dance was held in the Hotel 
Roanoke starting at 10:00 p.m. on Monday. 


Early Tuesday morning various committee 
meetings were held beginning with a break- 
fast meeting of extension agricultural engi- 
neers, and followed with the meetings of 
committees on soil compaction, instrument- 
ation and controls, and extension. Several 
division steering committee meetings were 
also held Tuesday morning. The regular 
session of the four technical divisions recon- 
vened at 10:00 a.m. 


E. T. Swink, head, agricultural engineer- 
ing department, VPI, called the general pro- 
gram to order at 1:30 p.m. Tuesday. A. W. 
Farrall, head, agricultural engineering de- 
partment, Michigan State University, ex- 
tended a special invitation from the Mich- 
igan Section and MSU staff to attend the 
ASAE Golden Anniversary Meeting on the 
MSU campus in 1957. 

In the president’s annual address, Wayne 
H. Worthington reviewed the activities of 
the Society during the year. He warned of 
impending dangers to the engineering pro- 
fession and expressed confidence that the 


Society would meet the challenge success- 
fully. 

Winner of the student paper award, 
Daniel A. VanDuyne, Pennsylvania State 
University Student Branch, presented his 
winning paper. His subject was ‘Automatic 
Feed Processing From Penn State’. 

R. H. Driftmier served as master of cere- 
monies at the ASAE Annual Dinner Tues- 
day evening. Presentation of awards was 
made by Wayne H. Worthington. Martin 
Ronning, chief consulting engineer, Min- 
neapolis-Moline Co., and Harris P. Smith, 
professor of agricultural engineering, A. & 
M. College of Texas, each received the 
Cyrus Hall McCormick Medal. Arthur W. 
Clyde, professor of agricultural engineering, 
Pennsylvania State University, received the 
John Deere Medal. In an excellent address 
Walter G. Barlow, vice-president of Opinion 
Research Corp., Princeton, N. J., presented 
an analysis of agricultural engineering based 
on an impartial survey. The inauguration of 
the new president, Roy Bainer, completed 
the program. 


In a special ceremony during the dinner 
meeting, Raymond Olney was awarded the 
Max Eyth Medal by the Max Eyth Gesell- 
schaft, the society of German agricultural 
engineers. Presentation was made by H. 
Albrecht Sack, a member of the Max Eyth 
Society and a young German agricultural 
engineer employed at the John Deere Water- 
lo Tractor Works. Mr. Olney is the first 
American to receive the award. 


Authors and titles in the Journal Paper 
Award list were C. F. Kelly, T. E. Bond 
and N. R. Ittner, “Water Cooling for Live- 
stock in Hot Climates;’ H. D. Bruhn, 
“Status of Hay Crusher Development; 
Jack T. Gunn and V. N. Tramontini, ‘‘Oscil- 
lation of Tillage Implements; James S. 
Boyd and Henry Giese, ‘Secondary Stresses 
in Glued Trusses ;’" Vernon H. Baker, Den- 
nis E. Wiant and Oscar Taboada, “Effects 


(Continued on page 498) 


The J. B. Davidsons Honored 


Prior to leaving Ames, Iowa, for their new home in Denver, Dr. and Mrs. J. B. Davidson 
were honored in a surprise tribute by the Agricultural Engineering Wives’ Club on April 
25, at the Ames Congregational Church. The program patterned after a television show, 
was entitled “This Is Your Life, Jennie Davidson,” and portrayed, by narration, pantomine, 
pictures and music, the life of Mrs. Davidson. In the illustration Mrs. Henry Giese (J/eft) 
is shown presenting Mrs. Davidson with a package of some fifty letters from friends who 
were not able to attend. Mrs. Benton M. Stahl (right) served as narrator. Standing is Dr. 
J. Brownlee Davidson, first president of ASAE and for many years head of the agricultural 
engineering department at Iowa State College. 
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Herbert F. Miller, Jr., has been ap- 
pointed as head of the farm machinery sec- 
tion Agricultural Research Branch, U. S. De- 
partment of Agriculture, Beltsville, Md. 

Mr. Miller attended John Tarleton Agri- 
cultural College and Texas A & M College, 
receiving a B.S. degree in agricultural engi- 
neering from the latter in 1942, and an 
M.S. degree in 1948. He spent five years 
in the U.S. Army, two of which were in 
Europe. The fifth year was at the Aberdeen 
Proving Ground, six months as proof officer 
testing tires and tracks. He now holds the 
rank of Major in the U.S. Army Reserves. 

From 1948 to 1952, Mr. Miller was en- 
gaged in agricultural engineering research at 
the Texas Agricultural Experiment Station, 
College Station. In April, 1952, he joined 
the USDA Agricultural Engineering Re- 
search Branch and was assigned to cotton 
production and harvesting machinery re- 
search at Shafter, Calif. He was rors: Mier 
to Beltsville in June, 1954, as acting head 
of the Farm Machinery Section, in which 
capacity he has continued to date. 

= 


William Boss, charter member, life fellow, 
and past-president of ASAE, received an 
honorary degree of doctor of science at 
Jamestown College, Jamestown, N. D., on 
June 4. 

In addition to the title he holds as pro- 
fessor emeritus of agricultural engineering, 
University of Minnesota, where he taught 
and served as chief of division of agricul- 
tural engineering for many years, he serves 
as chairman of the board of directors of the 
Specialty Mfg. Co., an establishment he 
developed as a young man, and is president 
of The Boss Foundry. 

Mr. Boss was born on a farm near Zum- 
bro Falls, Minn., on October 7, 1869. 
Although he had no formal education in 
agricultural engineering, he was one of the 
founders of the profession, a pioneer among 
creators of curriculums for its teaching, and 
designer of the first major building for its 
housing. In 1902 he became head of the 
Specialty Mfg. Co. of St. Paul, which he 
had organized. He has many patented in- 
ventions and is accredited with many de- 
velopments in planting and harvesting ma- 
chinery and other machines closely related 
to agriculture. 

In 1905 he became half-time professor 
and chief of the division of farm structures 
and farm mechanics, forerunner of agricul- 
tural engineering, at the University of Min- 
nesota. In 1909 he left the University to 
devote full time to his business, but in 1918 
he returned to half-time with the Univer- 
sity and within a year full-time. In 1938 
Mr. Boss attained the official retirement age 
at the University of Minnesota and retired 
as emeritus professor of agricultural engi- 
neering. 

He was elected president of ASAE 20 
years after the founding of the Society of 
which he is a charter member. He was a 
recipient of the John Deere Medal in 1943. 

es 

Glenn |. Johnson, extension agricultural 
engineer, University of Georgia, has been 
awarded a fellowship for advanced study 
and will attend summer school at Cornell 
University, Ithaca, N. Y. 


David F. Goyer, has been transferred . 


from retail training to the position of com- 
modity technical man, Cooperative Grange 
League Federation Exchange, Inc. In his 
new position he will engage in training of 
retail personnel and field problems along 
with quality control. His new address is 
Two 4th St., Oneida Castle, N. Y. 
e 

Paul R. Hoff has returned from an assign- 
ment with the College of Agriculture, Uni- 
versity of the Philippines, for the past two 
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H. F. MILLER, JR. 
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years on an ICA contract with Cornell Uni- 
versity, Ithaca, N. Y. He will resume his 
duties with the department of agricultural 
engineering at Cornell. 

- 

Fred C. Fenton, past-president and Fel- 
low of ASAE, has announced his retirement 
as head of the agricultural engineering de- 
partment, Kansas State College, and has 
accepted a two-year assignment with the In- 
ternational Cooperation Administration to 
advise the government of India on their 
agricultural engineering program. 

Mr. Fenton, accompanied by his wife, 
reported to Washington, D. C. in June for 
an orientation program, and expects to fly 
to India early in July. He will be stationed 
at New Delhi. 

Among things on which he is expected to 
advise are improvement of professional train- 
ing of agricultural engineers in India’s tech- 
nical schools, improvement of irrigation 
techniques, introduction of farm machinery, 
improvement of land reclamation, and im- 
provement of grain storage. 

Mr. Fenton has done special research in 
grain storage, rural electrification, farm 
structures, and wind pressures. He has 
served as head of the Kansas State agricul- 
tural engineering department since 1928. 

es 

H. H. DeLong has resigned as head of the 
agricultural engineering department, South 
Dakota State College, to devote full time 
to teaching and research. He will continue 
as professor of engineering, teaching farm 
power and machinery and rural electric 
courses, and conducting research in crop 
processing. 

Mr. DeLong received a certificate recently 
in recognition of his 27 years of service at 
State College. He joined the staff in 1930 
as a district 4-H leader. In 1935 he joined 
the agricultural engineering faculty, becom- 
ing acting head of the department in 1945 
and head in 1948. 

se 

Dennis L. Moe, associate professor of 
agricultural engineering and research agri- 
cultural engineer, has been named as head 
of the agricultural engineering department, 
South Dakota State College. He was grad- 
uated from South Dakota State College and 
holds B.S. and M.S. degrees in agricultural 
engineering. He is widely known for his 
work in developing a lightweight aggregate 
for concrete construction from shale. 

a 


Frederick P. Stephan, formerly research 
associate, agricultural engineering depart- 
ment, Iowa State College, is now project 
engineer with the James Mfg. Co., Fort 
Atkinson, Wis. 

e 

H. C. Steury has accepted a position in 
the general engineering office of the Cater- 
pillar Tractor Co. at Peoria, Ill. He had pre- 
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viously been employed as a design engineer 
with the J. I. Case Co. at Burlington, Iowa. 
= 
William R. Smith, has accepted a posi- 
tion as design engineer with the Tractor 
and Implement Div., Ford Motor Co. He 
was formerly employed by the Cockshutt 
Farm Equipment, Inc., Brantford, Ontario. 
o 


Hindrik M. Elema has returned to the 
Institute of Agricultural Engineering and 
Rationalisation, Wageningen, Netherlands, 
after assisting in establishing the power and 
machinery division of the Department of 
Agricultural Engineering at the Israel Insti- 
tute of Technology, Haifa, Israel 

e 


D. P. Blight has left the department of 
agricultural engineering at King’s College, 
Newcastle-upon-Tyne, where he was re- 
search assistant while studying for his Ph.D. 
degree, and is now scientific officer at the 
National Institute of Agricultural Engineer- 
ing, Scottish State, Howden, Mid Calder, 
Midlothian, Scotland. 


Charles D. Murray, formerly product test 
engineer for International Harvester Co., 
Davenport, lowa, has accepted the position 
of test laboratory supervisor at the Cherry- 
Burrell Corp., Cedar Rapids, Iowa. 

e 


D. Glenn Rodeheaver, formerly with the 
New Holland Machine Div. of Sperry Rand 
Corp., has accepted a position as research 
assistant in Rocket Design Group, Hercules 
Powder Co., Cumberland, Md. 


Jack L. Sparks has resigned from the 
technical staff of the University of Maryland 
and his assignment in Georgetown, British 
Guiana, to accept a position with the Inter- 
national Development Service, Inc., in 
Guatemala, where he will be working as an 
irrigation engineer. 

eo 

P. C. Mortenson, formerly administrative 
engineer, western hemisphere, Massey-Har- 
ris-Ferguson, Inc., has accepted the position 
of chief engineer with Vickers, Inc., Detroit, 
Michigan. 

e 

Carl T. Young has resigned from Starline, 
Inc., Albany, N. Y. to accept a position as 
agricultural engineer with the James Mfg. 
Co., Fort Atkinson, Wis. 

e 

Wyn E. McCoy has been promoted from 
district manager of the Chicago office of 
Timken Roller Bearing Co. to sales promo- 
tion manager at the Canton, Ohio, office. 

J 

Daniel A. Kitchen has resigned his posi- 
tion with the National Safety Council to 
accept a position with the Aubrey, Finlay, 
Marley & Hodgson advertising agency. 

. 

Donald G. Smith has left the employ of 
the Hester Plow Co., Inc., Jacksonville, Fla., 
to become design engineer for the Moore 
Dry Kiln Co. in Jacksonville. 

o 


Philip L. Benfield, formerly with the 
Biological Sciences Branch, (AMS), USDA, 
Plant Industry Station, Beltsville, Md., has 
accepted the position of representative for 
the Douglas Fir Plywood Assn., Charlotte, 
North Carolina. 

e* 

Howard W. Miller, Jr., has resigned as 
farm technical advisor of the Pennsylvania 
Power and Light Co. to join the Soil Con- 
servation Service as an engineer trainee with 
the Wyoming County work unit, Tunk- 
hannock, Pa. 


(Continued on page 498) 
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HE air over a single acre of land carries 

about 35,000 tons of gaseous nitrogen. 
If all this nitrogen could be transformed 
into a fixed form such as ammonium ni- 
trate, it would havea value of over $5,000,000 
as commercial fertilizer. 


The key that unlocks this untold wealth 
is legumes. When properly inoculated, 
limed, and fertilized, legumes can take ni- 
trogen from the air and change it into us- 
able fertilizer. True, they need some of this 
plant food for their own growth; however, 
a good share of it is stored in nodules on 
their roots for the use of crops that follow. 


Legumes, storing up nitrogen and pro- 
ducing an abundance of organic matter, 
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are a tonic for all other crops in the rota- 
tion, yet they more than pay their way. A 
season’s growth of good alfalfa, for in- 
stance, not only produces a profitable crop 
but will fix from $10 to $20 worth of nitrogen 
per acre. 


Another part of this story is that modern 
farm equipment is designed to help farm- 
ers work this “gold mine in the sky.’’ Ask 
any John Deere dealer for more informa- 
tion on this equipment. 


JOHN DEERE 


souworses/ MOLINE, ILLINOIS 
Quatity Farm Equipment Since /837 
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ASAE MEMBERS 
in the News 
(Continued from page 496) 


Jerles E. Russell, agricultural engineer, 
Soil Conservation Service, USDA, at Hunts- 
ville, Ark., has been assigned to the SCS 
watershed project in Arkansas, with head- 
quarters at Little Rock. 

i 


Harry M. Meinert was recently discharged 
from military service and has accepted a 
position in the engineering department of 
the John Deere Planter Works, Moline, Ill. 


Calvin J. Baxter has been released from 
the U.S. Air Force and is now employed as 
a detailer by the Geneva Steel Company. 

2 


David B. Puryear, graduate fellow in 
agricultural engineering, Purdue University, 
has accepted a position with the Bendix 
Aviation Corp., St. Joseph, Mich. 


Abraham S. Fenster has been transferred 
from advanced designer, advanced engineer- 
ing department, to assistant product engineer 
at the McCormick Works of the Interna- 
tional Harvester Co. 

° 


Kenneth E. VanLiew has accepted a posi- 
tion as maintenance and service intructor 
with the Cummins Engine Co., Columbus, 
Ind. He was formerly on duty with the 
U.S. Air Force. 


A. R. Hunsicker, production control man- 
ager of the New Holland Machine Div., 
New Holland, Pa., has been transferred to 
the company’s subsidiary in Dandenong, 
Victoria, Australia. 


NEW BOOKS 


Heating, Ventilating, Air-Conditioning 
Guide, 1956 (34th edition) by American 
Society of Heating and Air-Conditionin 
Engineers, Inc., 62 Worth St., New Yor 
13, N. Y. Cloth, 1176 pages, 6 x 9 inches, 
illustrated and indexed. $12.00. 

The new edition contains 53 chapters, of 
which 16 have been improved and some 
almost completely rewritten. Most signif- 
icant changes were made in the subjects 
dealing with heat transmission of building 
materials, cooling load, chimneys, estimat- 
ing fuel consumption, baseboard and finned- 
tube radiation, snow melting, central systems 
for air conditioning, air-duct design, air 
heating and cooling coils, automatic control, 
pipe and tube characteristics and insulation, 
automobile air conditioning, heat transfer 
measurements, and codes and standards. 


A Treatise on Surveying (Sixth Edition) 
Two volumes by Middleton and Chadwick. 
Edited by W. Fisher Cassie. Cloth, 6x9 
inches, Volume I, xiii+381 pages. Volume 
II, xi+438 pages. Illustrated and indexed. 
Philosophical Library, Inc., 15 East 40th St., 
New York 16, N. Y. $20.00 per set. 

This two volume work has been revised 
by having each chapter undertaken by a 
prominent expert in its particular field. 
Much of the work has been recast and re- 
written. Special attention has been paid 
to the most recent developments in survey- 
ing technique, such as those of echo sound- 
ing in hydrographic work and the accurate 
location of aircraft in air survey. Volume I 
deals with instruments and basic techniques. 
Volume II covers the more advanced tech- 
niques and modern developments. 


Farm Electrification by Robert H. Brown. 


Cloth, viii +367 pages, 6x9 inches. Illus- 
trated and indexed. McGraw-Hill Book Co., 


NECROLOGY 


Bernard L. (Ben) Hagglund, Southwest 
sales manager of Caterpillar Tractor Co., 
and a resident of San Leandro, Calif., died 
May 12, after a short illness. He has been 
associated with Cater- 
pillar since 1930. 
aa A native of Iowa, 

| Mr. Hagglund was 

born June 23, 1895, at 

Essex. He spent his 
boyhood on an Iowa 
farm, attended grade 
and high school and 
was graduated from 
Iowa State College 
with a BS. degree in 
agriculture in 1918. 

He served with the 
U.S. Army coast artil- 
BerNarD L. Hacotunp lery during World 

War I, largely on the 
Island of Corregidor and at other Philip- 
pine points prior to his discharge in 1919. 
Later he returned to Iowa State as an in- 
structor for a year and then moved to the 
University of California where he was a 
county farm advisor at Modesto until 1928. 
The following two years, he was ranch 
manager for the Atascadero Development 
Syndicate. 

Mr. Hagglund joined Caterpillar in 1930 
as a supervisor in agricultural sales, be- 
came a special representative in 1932, dis- 
trict representative in 1934, and an assistant 
sales manager for the western division in 
1940. He was named sales manager in 1944. 
During his 26 years with the company, he 
played a large part in setting up and con- 


498 


tinuing the development of the company’s 
dealer program in California and the west- 
ern division. He has been recognized as an 
outstanding student of agricultural trends 
and was considered an authority on agri- 
culture on the West Coast. 

Mr. Hagglund has been active in youth 
activities particularly the Boy Scouts of 
America, the Future Farmers of America, 
and the 4-H. He was a past-president of the 
Tractor and Implement Club of Oakland, a 
member of the Commonwealth Club of San 
Francisco, and recently was chairman of the 
Pacific Coast Section of the American Society 
of Agricultural Engineers. 

Mr. Hagglund is survived by his wife, 
Eleanore, also a native of Iowa, and three 
children. 

. 


A. M. Goodman, 71, of Ithaca, N. Y., 
died suddenly while at work on a private 
surveying job, May 29. 

He was professor emeritus of agricultural 
engineering at Cornell University, having 
retired on July 31, 1952, after serving 33 
vears. He was graduated from Cornell in 
February, 1912, with a B.S. degree in agri- 
culture. Following his retirement in 1952 
he served two years with the Cornell staff 
at the college of agriculture at Los Banos in 
the Philippines. 

Mr. Goodman has been a member of the 
American Society of Agricultural Engineers 
since 1927. He was a member of Epsilon 
Sigma Phi, Sigma Xi, and New York So- 
ciety of Professional Engineers. 

He is survived by his wife, Clara, three 
daughters and one son. 


Inc., 330 West 42nd St., New York 36, 
N. Y. $7.00. 

This book is written for the student who 
has had no prior training in electricity and 
wishes to acquire a good general knowledge 
of the subject, and for the non-agricultural 
engineering major who will have only one 
course in farm electrification. 

Instead of emphasizing theory, this book 
stresses applications, safety features, pro- 
cedures for selecting equipment and supplies, 
planning and installing wiring systems, 
modifications, and the practical utilization of 
electricity. The subject matter is divided 
into two major areas: preparation for the 
use of electricity, and using electricity for 
productive farm jobs. 


1956 ASAE Meeting 
(Continued from page 495) 


of Electromagnetic Energy on Plants and 
Animals.” 

Cited as Student Honor Award winners 
for outstanding scholarship and participation 
in student activities were Gordon H. Allard, 
University of Maine; Vernon L. Anderson, 
State College of Washington; Donald A. 
Backus, State College of Washington; James 
W. Board, University of Arkansas; Fred 
Bouse, Oklahoma A & M College; James 
E. Bruns, Alabama Polytechnic Institute; 
David Bucher, Pennsylvania State Univers- 
ity; Danny Burgess, Kansas State College; 
John G. Christopher, Kansas State College; 
John L. Clingerman, Ohio State University ; 
John Cryder, Ohio State University ; Donald 
Daum, Pennsylvania State University; Irvin 
A. Eickmeyer, University of Illinois; J. 
Arvid Forsman, University of Maine; Law- 
rence H. Gay, lowa State College; Leland 
Gilbert, Colorado A & M College; Edwin 
V. Lance, Oregon State College; Ronald K. 
Leonard, lowa State College; Kenneth 
Matthes, North Carolina State College; 
Richard J. Morrow, Iowa State College; 
Milton W. Nitsch, Texas A & M College; 
Byron H. Nolte, University of Missouri; 
Dale Owen, University of Wisconsin; John 
A. Replogle, University of Illinois; Donald 
Snyder, Pennsylvania State University; Earl 
A. Terpstra, Michigan State University; 
William S. Thompson, North Carolina State 
College; James E. Turner, Jr., Virginia Poly- 
technic Institute; Paul K. Turnquist, Kan- 
sas State College; John C. Williams, Texas 
A & M College; and Virgil A. Zastrow, 
University of Missouri. 

FEI Trophy Awards were presented at a 
student luncheon Wednesday noon with the 
compliments of the Farm Equipment Insti- 
tute. The Georgia Student Branch was the 
Group A winner, with honorable mention to 
the Pennsylvania and Michigan Branches. 
North Carolina took the Group B trophy, 
with the Oklahoma and Colorado Branches 
receiving honorable mention. 

Frank P. Hanson, chairman of the FEI 
Research Committee, presided at the lunch- 
eon. D. F. Turner, chairman of the FEI 
Award Committee, presented the trophies 
and certificates. William J. Fisher, vice- 
president, The Oliver Corp., York, Pa., 
spoke to the group on “The Opportunities 
Ahead for the Agricultural Engineering 
Graduate’. 

All-day technical sessions were conducted 
on Wednesday. The Power and Machinery 
Division held a joint meeting with the 
National Joint Committee on Grassland 
Farming Wednesday afternoon. The Hon- 
orable True D. Morse, Under Secretary of 
Agriculture, addressed the group on the 
subject “Soil Banks for More Profits.’ 

The Soil and Water Division extended its 
program one extra day on Thursday to in- 
clude problems of special interest in the 
development and maintenance of military 
and other grounds connected with public 
works projects. 
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Flexible in application . . . versatile in operation 


Link-Belt augers simplify design 


_—— = —4 


Bi B| 


cc; merc ee 


SELECTED FLIGHTING for all your 
auger needs. Helicoid, sectional or a 
range of other types of flighting are 
available in the metal and finish best 
suited for your design. 


4 


| 
L 
SIMPLICITY OF CONSTRUCTION and 
sturdy design of Link-Belt augers 
provide dependable, efficient opera- 
tion on your machine. One basic 
assembly with no other moving parts 
to break down. 
aaa: 
| 
' 
Four Link-Belt auger-conveyors on cotton-stripper provide positive, 
unobstructed delivery of bolls to kick-beaters. This is just one of the 
many applications for the full range of augers developed by Link-Belt. 
ke 


r 


YOUR CHOICE OF METALS answers 
your requirements for handling cor- 
rosive or abrasive materials. And 
Link-Belt uses only specially selected 
steels to assure a uniform product. 


as) 
l\e& 


ALL COMPONENTS — conveyor 
screws, collars, couplings, hangers, 
troughs, trough ends, flanges, drives 
—are available for every design. 


ENGINEERING SERVICES. Our auger 
specialists will help you analyze your 
special needs . . . integrate all ele- 


| 


ou can be sure of efficient opera- 
tion, long life and low mainte- 
nance when you make a Link-Belt 
auger part of your equipment. 
Link-Belt has a wide selection of 
augers, many of a specialized design, 
in a full range of diameters, gauges 
and pitches. They’re accurately made 
to assure easy assembly, smooth, de- 


Helicoid flight with 
plain beater 


Helicoid flight 


Sectional flight 


pendable operation. In addition, all 
components can be adapted to your 
particular design. 

Whether it’s a new application for 
your present machines or an entirely 
new concept, simplify your design 
problems by specifying Link-Belt 
augers. Call your nearest Link-Belt 
office for complete information. 


Opposed flights with 
center saw-tooth beater 


AAAY 


Unmounted Helicoid flighting 


Write for LINK-BELT 
Screw Conveyor Book 2289 


FARM MACHINE AUGERS 


ments of your design. 


14,057 
LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales Offices in All Principal Cities. 
Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South Africa, Springs. Representatives Throughout the World. 
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Twin-Wheel Drive Mower 


Allis- Chalmers Mfg. Co., Milwaukee, 
Wis., has developed a new concept in mower 
design, which uses a twin-wheel drive in- 
stead of conventional pitman drive. The 
new Model 7 is available both in rear- 
mounted and trail-type models. 

Non-stop rotary action of twin flywheels 
with heavy matching balanced counter- 
weights drives the sickle and is said to elim- 


inate practically all vibration because the 
start-and-stop action of the sickle is counter- 
balanced and smoothed out. 

The new drive is mounted directly on the 
cutter bar, permitting operation of the sickle 
at any angle from 90 deg above horizontal 
to 45 deg below horizontal. The hydraulic 
ram determines the amount of lift. The 
sickle is powered through two short con- 
necting rods in the same plane and always 
level with the sickle regardless of the angle 
or height of cut. The short stroke of 2% in 
at 1400 rpm makes possible up to 2800 
cutting strokes a minute. 

The twin flywheels are designed to bal- 
ance each other and balance the sickle. 
Counterweight action is always opposite to 
the direction of sickle travel. 


New Vacuum Switch 


Rochester Mfg. Co., Rochester 10, N. Y., 
has introduced a new heavy-duty-type vac- 
uum switch, designed for a broad field of 
application. 

Housed in a hermetically sealed dustproof 
steel case, the RMC vacuum switch features 
a spring-loaded diaphragm, Buna-N-impreg- 
nated, against heavy vibration, pulsation 
and shock. 

Operation, which is factory calibrated, 
opens and closes a contact at fixed vacuum 


values. It is available for normal open or 
normal closed use at zero vacuum with 
setting up to 22 in. It is used with 6, 12 or 
24-volt d-c, but can be modified for low 
voltage alternating current and is supplied 
in either single-terminal grounded or double- 
terminal models. 

Line connection is made at center of back, 
Y% or Ye-in male pipe thread. Overall 
measurements are 1% in wide and 2\4¢ in 
top of terminal to end of pipe thread. 
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NE PRODUCTS 


CATALOGS 


Low-Speed Distributor Points 


The Electric Auto-Lite Co., Toledo 1, 
Ohio, has announced new special-duty dis- 
tributor points for farm tractors. The new 
points are designed. for better performance 
under the rigors of continuous low speed 
operating conditions. 

The new point sets can be used on many 
makes and models of tractors. They feature 
big contact surfaces, 78 percent more con- 


tact area than standard sets, and have broad- 
beam, reinforced construction of the movable 
arm. 


Tool Bar Cultivator 


International Harvester Co., Chicago 1, 
Ill., has announced a new tool bar cultivator 
for the International 300 Utility tractor. 
The new cultivator handles two rows and 
carries four gangs positioned along a 24-in 
square tool bar that hitches directly to 
the rear of the tractor. The cultivator can 
be adjusted to any row spacing from 26 
to 42 in by loosening and sliding the gangs 
along the bar. 

A gauge wheel is located at each end of 
the tool bar for depth control with the 
equipment riding on the gauge wheels. 
When the cultivator is raised, gauge wheels 
and all come off the ground. A guide colter 
mounted on the tool bar in the center pre- 
vents the cultivator from drifting. The 
colter is held in the ground by spring pres- 
sure which permits it to rise out of the 
ground when hard spots are encountered 
without raising the cultivator. 


Auxiliary Tractor Seat 


Caterpillar Tractor Co., Peoria, Ill., has 
announced a new auxiliary seat attachment 
for Caterpillar D9 and Ds tractors. 

The new auxiliary seat mounts on the 
deck of the tractor. It has been designed to 
convenient 


provide a and safe means of 


transportation for a helper or other per- 
sonnel. 

Cushions and backrest of the new seat 
are padded with foam rubber. It is uphol- 
stered in scuff and water-resistant synthetic 
material. The seat cushion can be easily 
tipped when the tractor is not in use. It is 
not adaptable for use on D9 tractors equip- 
ped with cabs. 
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New 42-HP Diesel 
R. H. Sheppard Co., Inc., Hanover, Pa., 
has announced its new 4-cylinder, Model 19 
diesel with 153.6cuin displacement and 


rated at 42 gross bhp at 2000rpm. The 
most noteworthy feature of this diesel is 
its compact size. It is intended primarily as 
installed 
Like 


replacement power and can be 
without alterations to driven machines. 


all Sheppard diesels, the new model is a 4- 
cycle engine that features 22-to-1 compres- 
sion ratio and the company’s own fuel 
injection system that can be serviced in the 
field without special tools or equipment. 
The new model is available as a fan to fly- 
wheel engine, as an open power unit, 
standard power unit or closed power unit. 
It is also offered as a 10, 12 or 15-kw 
generating set. 


Mounted Rake Fits 29 Tractors 
New Idea Farm Equipment Co., Cold- 
water, Ohio, has announced that its new 
No. 49 mounted parallel bar rake has been 
adapted to 29 different tractor models, the 


Ct ae 


latest additions being the Blackhawk 35 and 


Minneapolis-Moline 445 Universal. The 
company reports that it will fit all three 
types of quick hitches—including 3-point, 
International Harvester and Allis-Chalmers 
tractor hitches. 


Registered Irrigation 

John Bean Division, Food Machinery and 
Chemical Corp., Lansing 4, Mich., has re- 
leased a new pamphlet which discusses in 
detail the advantages of irrigation systems 
and how registration of each system pro- 
vides the user with benefits and company 
service. According to the pamphlet, each in- 
stallation is numbered and all data relevant 
to the installation—such as plot of the land, 
water-supply sources, climatic conditions, 
and manpower available—is made part of 
a permanent record kept on file by the man- 
ufacturer. Thus information on each system 
is readily available, should any changes or 
alterations become necessary. In addition, 
the registration system permits the manufac- 
turer to help keep the user abreast of all 
new developments in irrigation processes 
and equipment. Copies are available by 
writing to the company and _ requesting 


pamphlet W-612. 
(Continued on page 502) 
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County agent kit shows how to increase 
farm profits with Kaiser Aluminum Roofing! 


<2 recempen 


« z 4 
, q ; a 6 
' } 
| | 
i i 
+ 
2 
4 ] 
; 
4 
wey | SS" 
1 FREE ‘‘Farm Guide” contains factual 2 FREE catalog on 11 building plans 3 FREE sample plan. Most plans fea- 
information and engineering data on developed by Kaiser Aluminum Agri- ture low-cost, pole-type construction. 
Kaiser Aluminum Roofing and Siding. cultural Research Service. Complete set of working drawings. 


Turse instructions and plans will help you tenance; no rusting, no rotting, no warping. 
show farmers how to get the most profit from Kaiser Aluminum Roofing is available in 
the unmatched properties of Kaiser Aluminum 26”-wide sheets, or in the new, 48”-wide size 
Roofing —lightness with strength, reflection of that saves 7% to 11% in metal, and greatly 
hot summer sun, retention of warmth in winter, speeds installation time. Investigate this qual- 
long life without painting or other costly main- ity roofing for better farm buildings! 


Help the farmers in your area to bigger profits—send for your free kit now! 


; Kaiser Aluminum Agricultural Research Service 
2 Building Plans Division, Room 6755 


@ 1924 Broadway, Oakland 12, California 


| 
| 
| 
| 
! 
the quality roofing for better farm buildings 
| 
| 
| 
| 


ge 


Please send a free County Agent Kit to: 


ORGANIZATION . - 


ADDRESS. 


Kaiser Aluminum Roofing and Siding, Roll 


CITY AND STATE 


| 

| 

| 

| 

| 

| 

! 

NAME ; | 
| 

| 

| 

| 

| 

Valley Flashing, Welded-Clad Irrigation Pipe | 


1956 * JULY * AGRICULTURAL ENGINEERING 501 


re anneeeeeel z 
ats ‘2. Oe a eee. ft > Se eee ee 
wt ia hs eae 
a ee 
et aes paar 4 aia UR Pare mt 9 ne e F 
| ees Be mer EC, ae cstuiege Gs ‘ 
5 bebe — Peer: ere haa Arig res 
‘32 ie Be ie PO deg cet ey : J 
3s eee : ae tw Ut Mee asc 
par ys a3 Tab ee ERR p; 
am Gs ey ¥ aey aa 
Be a ¥ aa Be 8 ae ei 
glans ae See s 
Biol 35/44 Rares g oo 
t ee be ie 2 ae 
Sa ie yee: ae es 
Pp, Be ge Sa Pees Sis 
are aE Ee se Seete ae 
: oe ee Wits is eet ey . 
Bee Oana en ea Ei (eatery a ‘ au 
Bat em Be ah ee goers Sam ig 3 
, BR eM, eo 3 ae oe eee ee ae gee 
Pee By yx ree Re, ie eee bier et 
: oe Ghee: ec Bese’ er! Giger et 
RO iS ci ny ha i See US feat Z 
“Se hee ee Beet 
Bete eas Saoeaal Ba 
apes > Lt, poe ig a 
ey arn. : “hes awir 4 kis 
Cole ee reat : td Brae 
ee ge cat mt seh ; 
So eel Be ie eae : 
ot See fos" 4 reer 
‘SS cabtabe ee (2 a ome 
ol ut fis cee [2 Seoaaena de Se 
Bt aa : aes ee ‘ eae : 
iy a — 
ee 
ae 
ra - 
—_ ee 
——— 
iS 
co ee an > Rego ae : ck: Ate ae sto esa 
Soe. 2 A Pee ae < St ae ey — Set Sperm MiG eas Bashi oie eee r 


THREE MORE HERCULES ENGINES | “."s.nis* 


— Power Steering Unit 
SME Seas International Harvester Co., Chicago, IIl., 
ES ; has announced that power steering is avail. 
ee ws able for the International 300 Utility tractor 
5 | for factory application and for field installa- 
ea tion on tractors already in use. 
- The new power steering operates off the 


tractor’s hydraulic system. The unit is 
compact and is built as an integral part of 
the steering gear within the housing. It is 


ee 
| hi ite S 


i 


Vir 


operative whenever the tractor engine is 
running. At all times, manual steering is 
standby reserve in case it is needed. 

The power steering unit is of the cam- 
and-lever type, with a built-in hydraulic 
valve and cylinder. When the steering 
wheel is turned, the valve on the steering 
a? post directs hydraulic power to the cylinder 
——_ piston that moves the steering arms on the 
500 H.P. thar tractor. After completing a turn, a light 
pressure to the steering wheel resumes the 
tractor to straight-line travel. 


TCD-1468 


Corn Harvesting Booklet 


Deere & Company, Moline, Ill., has re- 
leased a new 35-page booklet in color, en- 
titled “Combining, Drying, and Storing of 
Corn.”” The text of the book was written 
by George E. Pickard, professor of agricul- 
tural engineering, University of Illinois. Its 
object is to point out the advantages and 
some limitations of harvesting corn with a 
grain combine. It emphasizes the frequent 
need for drying combined corn and tells 
much about various drying equipment. The 
booklet also discusses the advantages of stor- 
ing shelled corn and offers suggestions on 
how to convert old corn cribs. The informa- 
tion in this booklet should be helpful to 
farmers and assist them in evaluating corn 
combining in terms of their own farm op- 
erations. Copies may be obtained by writing 
to the company. 

180 H.P. 


a Forage Farming Booklet 
A. O. Smith Corp., Harvestore Division, 
Kankakee, Ill., has released a new booklet, 
entitled The Harvestore Farm Profit Plan, 
] ERLE ERE eee which describes a concept of farming re- 

' ' , —— ferred to as vertical farming. 

7% Torbo Charged Diesel TCD-895 318 HP. The plan begins with the land and its 
best use. It stresses the importance of a 


Following the Hercules policy of well-balanced fertilizer system combined 
ih . : ‘ with adequate crop rotations and efficient 
providing industry with the latest in engine developments, L cousins Gacisdan 0 Snes deuaies Gates 
the above Hercules TCD’s are available for applications requiring tion from - acre a nae However, the 
. 0 main part of the booklet deals with the 

Tough Compact Dependable power. Complete details on these TCD’s are A cee al ogee» Megconalltione F nen 
available from the factory. Write for Bulletins ages by means of the glasslined steel struc- 
D-534, D-561 and D-567 ture, called the Harvestore. The booklet 

-534, D- -567. 


shows how the plan can be used for har- 


Ey ; : feedi 
. HERCULES MOTORS CORPORATION forage crops. Sn ix ties at oe 
ae crop spoilage. 


CANTON, OHIO (Continued on page 504) 
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“0” ring seals between valve sections seal with 
pressure to form positively leak-proof joints. 


(Partially exploded view) 


PRESSURE INLET 


INTEGRAL RELIEF 


SINGLE 


Improved Metering 
Characteristics 


New C 
Valv 


This is a@ more compact and versatile design of valve. 
End sections combine in one casting the inlet or outlet 
manifold plate together with any operating-valve sec- 
tion. Inlet section also contains relief valve. Individual 
outlet plates available for single unit valves. Single- and 
double-operating valve sections can be added between 
end sections as needed. Valve can be adapted for 
tandem (series) operation. Single-acting valves available 
for either direction of lever shift. 


Other features include protection of pump from reverse 
flow during shifting . . . three point mounting for more 
simple installation . . . cylinder connections with %4-16 
N.F.-2 straight threads (AND 10050 type) help insure 
leak-proof connections . . . optional outlet ports in end 


REQUIRES LESS SPACE 


ombination Operating- 
e and End- Plate Sections 


section so valve can be gasket mounted to the oil 
reservoir or pipe connected. Designed for use with Vickers 
Series V-200 Vane Pumps (up to 11 gpm), the CM11 
Valve can be used up to 2000 psi working pressure. For 
further information write for Catalog No. M5101-A, 


ANY COMBINATION 
OF VALVES FROM 
1 TO 10 SECTIONS 


HYDRAULICALLY 


~ \g 5 BALANCED 


SPOOLS 


DISCHARGE 
TO TANK 


CYLINDER 
CONNECTION 


INTEGRAL 
OUTLET 
MANIFOLD 


(ON BOTTOM) 
ALTERNATE DISCHARGE 
CONNECTION FOR 
GASKET MOUNTING 
TO OIL RESERVOIR 


Simplified Design 
and Construction 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
ADMINISTRATIVE and ENGINEERING CENTER 
Department 1516 e Detroit 32, Michigan 


Application Engineering Offices: « ATLANTA «+ CHICAGO 
CINCINNATI « CLEVELAND «+ DETROIT + HOUSTON «+ LOS 
ANGELES AREA (El Segundo) « MINNEAPOLIS « NEW YORK AREA 
(Summit, N.J.) « PHILADELPHIA AREA (Media) + PITTSBURGH AREA 
(Mt. Lebanon) + PORTLAND, ORE. « ROCHESTER « ROCKFORD « SAN 
FRANCISCO AREA (Berkeley) « SEATTLE «+ ST. LOUIS + TULSA 
WASHINGTON «+ WORCESTER 
IN CANADA: Vickers-Sperry of Canada, Lid., Toronto 
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New Products and Catalogs 
(Continued from page 502) 


New LP-Gas Tractor 


Minneapolis-Moline Co., Minneapolis 1, 
Minn., has announced the new 445 LP-Gas 
model tractor. Rated in the 40 hp class, the 
new model is available in both universal and 
utility types. 

New design, 10-speed Ampli-Torc trans- 
mission, power steering, fully hydraulic 
control of mounted 3-point hitch imple- 
ments, traction amplifier, and a 9.1 to 1 
compression ratio are features of the new 
tractor. 

Fuel capacity is 23.5 gal for the universal 


Gorman-Rupp Model 53M-TFD 
centrifugal pumping unit, 
powered by 2-cylinder 
Wisconsin Heavy-Duty 
Air-Cooled Engine. 


type, and 22 gal for the utility, at normal 
The safety valve is set at 


80 percent level. 


Supplying a continuous flow of water for a sprinkler irrigation system is 
work that calls for HEAVY-DUTY ENGINE STAMINA above every- 


thing else. 


All Wisconsin Heavy-Duty Air-Cooled Engines are of basic high torque 


design . . 


. engineered and built to “take it” hour after hour, day after day 


under either constant or variable load operation. These engines have the 
inbuilt stamina that hangs on and keeps the sprinklers going. 

Wisconsin Engines, as supplied for irrigation service, are furnished with 
Stellite-faced Exhaust Valves, solid Stellite Valve Seat Inserts and positive 


type Valve Rotators. 


. increasing valve life from 200% 


to 500% and 


reducing valve maintenance service in like measure. Automatic High 
Temperature Switch provides protection against preventive maintenance 


negligence .. . 


shuts off engine before damage can occur. 


Basic AIR-COOLED design minimizes the number of parts concerned with 


cooling . . 


. reduces weight, which makes for most convenient portability .. . 


operating from ponds, ditches, streams, lakes or field wells. 


All models (3 to 36 hp.) can be supplied with electric starter and generator or 
starter only, if specified when engine is built. For further information write for 
folders S-181 and S-188 ... and specify ““WISCONSIN” for your pumping unit. 


WISCONSIN MOTOR CORPORATION 


" World’s Largest Builders of Heavy-Duty Air-Cooled Engines 
es MILWAUKEE 46, WISCONSIN 
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312.5 lb. Filler valves are located on the 
left side of the tank for convenience in fill- 
ing from the ground. Liquid and vapor 
control valves are of the excess-flow type de- 
signed to shut off fuel automatically in case 
of line breakage. 

The LP-Gas passes through a felt and 
screen filter into an Ensign Model W heat 
exchanger where the fuel is vaporized. Hot 
water from the engine circulates through the 
vaporizer. The heat exchanger controls flow 
of fuel and fuel pressure by reducing pres- 
sure to slightly below atmospheric pressure. 
It is mounted under the hood in front of 
the fuel tank. 


Flareless Tube Fitting 


The Weatherhead Co., Fort Wayne Di- 
vision, Fort Wayne, Ind., has designed a 
new type 7000 series high-pressure SAE 
flareless, straight-thread hydraulic-tube fit- 
ting. This new fitting is an adaptation of a 
design used extensively in military, con- 
struction and industrial equipment for 
hydraulic and penumatic systems. It is 
designed to accommodate minimum close 


coupling, positive seal and ease of assembly. 
It also has a new phosphate finish which is 
said to be resistant to non-flammable hy- 
draulic fluids as well as petroleum base 
fluids. 

Specifically designed for high-pressure 
systems, the new tube fitting is stocked in 31 
different styles and in sizes from % to 
2 inches. 


LP-Gas Flame Weeders 


Gas Tools, Inc., Subsidiary of Van Horn 
Butane Service, Fresno, Calif., has an- 
nounced its new line of LP-Gas flame weed- 
ers for controlling annual weeds and grasses. 
The weeder designed for alfalfa and potatoes 
(shown) is 18 ft in width and mounted on 
a 500-gal LP-gas trap wagon. The outer 
6 ft on both sides fold in for highway travel. 
The strawberry burner covers two beds. 
The cotton weeder is designed for any stand- 
ard 2 or 4-row tractor. It is driven through 
the field at a speed of 3 mph which report- 


Be Pa . wt 
ae ime Haye oe 


edly exposes the plants long enough to kill 
the weeds but leave the cotton undamaged. 
Staggered burners are set to sweep the flame 
across the rows striking the ground at ap- 
proximately the base of the crop plants. 
Early models of the 4-row cotton weeder 
were equipped with a water-heated vaporizer 
using the circulation system of the tractor 
engine. In the new model the water vapo- 
rizer has been eliminated and vaporization 
takes place in the burner head. This simpli- 
fies installation and service work and main- 
tains an even rate of vaporization. New 
burner heads are made of cast bronze. 
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of the Hunterdon G.L.F., Flemington, N. J. Our men can work faster loading and un- 
bags have more ‘give’ and can be dragged “We like the bag that doesn’t have to be loading with burlap bags that are easy to 
around,” says Donald Washburn, Manager handled gently and stacks without slipping. grab and can be tossed without bursting. 


“Filling, stitching and tagging, burlap 


: This is grist that our dairy farmers have the farmer and he likes to get his supplies 
See what a neat, strong package this bag of brought in which we have ground and in the bag that’s tough; and, thanks to our 
seed oats makes. No tearing—no spilling. mixed with molasses. We’re here to serve return bag system, is the most economical.” 


Says Henry Bundt (left), poultryman of Lebanon, N. J., “I get my feed at the 
Hunterdon G.L.F. in burlap bags. Then I return the empties and get credit for 
each. Our feed bags are tossed in the truck, dragged around and carted out to 
the chicken houses. Burlap bags can sure take rough handling.” 


For operating efficiency burlap bags save time and trouble. For 
economy, a return bag system is the key to lower feed costs. If there 
is no return bag plan in your area write to The Burlap Council, 
155 East 44th Street, New York 17, N. Y. 


Published by THE BURLAP COUNCIL of the Indian Jute Mills Association 
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NEW BULLETINS 


Handling Apples in Bulk Boxes by H. P. 
Gaston and J. H. Levin. Michigan Agricul- 
tural Experiment Station Special Bulletin 
409 (April, 1956). The bulletin reports on 
a study in the use of handling apples in 
bulk boxes as a follow-up on work done in 
a previous study of fruit handling with 
fork-lift trucks. 

The 20-page bulletin lists the advantages 
of the bulk box method to the grower, the 
processor, the trucker, and to the industry. 
It describes construction of the bulk box 
and how bulk boxes are used in han- 
dling windfall apples, cull apples, process- 
ing apples, and apples to be sold as fresh 


Yew MORLIFE* CLUTCHES 
and CLUTCH PLATES Give= 


fruit. It also describes the type of equip- 
ment that is necessary by both processors 
and growers, in the bulk handling of apples. 
In conclusion it points out the limitations of 
the method as well. Copies may be ob- 
tained by writing to the Bulletin Room, 
Michigan State University, East Lansing, 
Michigan. 

Feed-Handling Equipment by J. E. 
Dixon and J. W. Martin. Pacific North- 
west Cooperative Extension Bulletin No. 12 
(April, 1956). The 12-page, 8% x 11-in, 
bulletin contains illustrations and descrip- 
tions of the latest feed-handling equipment 
including self-unloading wagons, trucks and 
feeders, portable elevators, augers, blowers, 
elevating equipment feeders, conveyors and 
bunk feeders, upright silo unloaders, and 
other feed handling equipment. One sec- 


“MORLIFE clutch 
has gone 851 
hours without 
slipping or 
adjustment.” 


“MORLIFE clutch 
going strong 
after 1695 hours, 
working in 
sand.” 


6 


**MORLIFE 
clutches last 950 
hours longer, 
without adjust- 
ment.” 


“MORLIFE clutch 
needs adjust- 
mentoncea 
month, instead 
of daily.” 


MORE Clutch Life (400% MORE) = 


MORE Torque Capacity (100% MORE) 
MORE Heat Resistance (50% MORE) 


**MORLIFE re- 
quires lighter 
handle pull and 
one tenth the 
adjustments." 


These new ROCKFORD Clutches and Clutch Plates have been 
developed by ROCKFORD Clutch Engineers to take full ad- . 


vantage of recently discovered facing material. Actual field 


“MORLIFE pulls 


tests on heavy duty equipment have resulted in adoption of herder and lasts 


six to ten times 


MORLIFE clutches by builders of tractors, earth movers, ‘'onser." 
graders, shovels, cranes, trucks, oil field equipment and 

power units. For information how these new Rockford MOR- 

LIFE Clutches will improve the operation and increase on- ‘Won't buy a 


the-job hours of heavy duty machines, write Department E. equipped with 


Durable MOR- 
UFE clutch.” 


ROCKFORD Clutch Division BORG-WARNER 


1325 Eighteenth Avenue, Rockford, Illinois, U.S.A. 


G 


tion of the booklet is also devoted to feed- 
handling principles. 

The Six-Inch Water Tunnel at the St. 
Anthony Falls Hydraulic Laboratory and 
Its Experimental Use in Cavitation De- 
sign Studies by Lorenz G. Straub, John F. 
Ripken, and Reuben M. Olson. University 
of Minnesota, St. Anthony Falls Hydraulic 
Laboratory, Technical Paper No. 16, Series 
B (March, 1956). The 22-page bulletin is 
a mimeograph of a paper presented at the 
National Physical Laboratory Symposium on 
Cavitation in Hydrodynamics at Teddington, 
Middlesex, England, September 14-17, 1955. 
The paper reports on a circulating model 
water tunnel devised for the purpose of de- 
termining prototype design data for use in 
the planning of various types of cavitation 
test facilities. It describes the basic tunnel, 
the critical cavitation tests made on the 
tunnel, and some cavitation studies made in 
the tunnel. 


Environmental Physiology and Shelter 
Engineering with Special Reference to 
Domestic Animals. Missouri Agricultural 
Experiment Station (Columbia). 

XXXV. Heat and Moisture Removed by 
a Dairy Stable Ventilation System During 
Diurnal Temperature Rhythms, by R. G. 
Yeck. Research Bulletin 595 (December, 
1955) The purpose of the bulletin is to 
present data on the heat and moisture ex- 
change that can be expected in a dairy barn 
under variable temperature conditions; to 
present data on a diurnal change in stable 
heat and moisture dissipation which in turn 
can be correlated with diurnal heat and 
moisture production of the animals; and to 
present detailed data on the test room en- 
vironmental condition as a companion to 
other research bulletins in this series. All 
bulletins in this series report on the broad 
objective of determining the effect of en- 
vironment on cattle in order to establish 
building design and animal selection criteria. 

XXXVII Moisture Vaporization by 
Jersey and Holstein Cows During Diurnal 
Temperature Cycles as Measured with a Hy- 
grometric Tent by R. G. Yeck and H. H. 
Kibler. Research Bulletin 600 (February, 
1956). This bulletin reports a unique 
method for direct determination of the total 
vaporization rate. No metabolic measure- 
ments were required and the apparatus was 
used inside one of the test rooms. The 
hygrometric tent used for measuring the 
total vaporization rate of cattle is a plastic 
canopy or tent of sufficient size to enclose a 
1500-lb cow. The moisture content of both 
the intake and the exhaust air can be 
measured. 


NIAE Bulletins. The following bulletins 
have been received recently from the Na- 
tional Institute of Agricultural Engineering, 
Wrest Park, Silsoe, Bedfordshire, England: 


A Study of the Effect of Dirt and Damage 
on Potatoes in Storage—Technical Memo- 
randum No. 127. 


A Study of Some of the Factors Affecting 
the Manual Separation of Potatoes and 
Rubbish on a Conveyor—Technical Memo- 
randum No. 128. 


The Effect of Drum Setting and Crop 
Moisture Content on the Germination of 
Combine Harvested Barley—Report No. 56. 

The Farm Drying of Crops — Reprinted 
freu’ The Industrial Heating Engineer 
(’ ndon), October, 1954 to June, 1955. 


Agricultural and Horticultural Engineer- 
ing Abstracts—Abstracts from World Liter- 
ature, Vol. VII, 1956, No. 2. This report 
contains over 300 abstracts in 18 subjects. 
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...we think these 
newest NEW IDEAS are the 


GREATEST EVER!” 


New Ipea farm equipment—traditionally supe- 
rior in quality and dependable performance— 
now offers these newly designed tools to give 
farmers better and more efficient equipment 
to help reduce farming costs. 


Every one of these New Ipgas has been de- 
signed with today’s farm production problems 
in mind. In fact, most of the convenience and 
safety features were suggested by farmers 
themselves and add greatly to their efficiency 
in the field as well as making them easier to 
handle and operate. 
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You should have information on all of them 
in your files. A letter today will bring you de- 
_ scriptive literature without obligation. 


NEW IDEA FARM EQUIPMENT CO., Dept. J-76 
Coldwater, Ohic. 


Division AVCO Distributing Corporation 


specialized farm equipment 


—each machine designed to lighten farm work 
—to do a better and more efficient job. 
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Applicants for Membership 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Bailey, Walter C. — Supervisor, Reyburn 
Mfg. Co. (Mail) 2504 Hillside Lane, 
Norristown, Pa. 


Balog, Daniel Z. — Farm planner and tech- 
nician, Soil Conservation Service (Mail) 
600 No. Logan St., Lansing, Mich. 


Best, William A. — Engineer, John Deere 
Tractor Co. (Mail) 214 West Elm, Still- 
water, Okla. 


Compton, Henry J. — Drainage contractor, 
RR 2, South Haven, Mich. 


—_ 


Curtis, Donald R. — Sales engineer, Lufkin 
Foundry & Machine Co. (Mail) Box 237, 
Floresville, Tex. 


Daum, Donald R.—Graduate assistant, Pemn- 
sylvania State University (Mail) 305 
Burrows St., State College, Pa. 


DelFavero, Richard R. — Graduate student, 
University of Connecticut, Storrs, Conn. 


Frisby, James C. — Engineering trainee, 
Caterpillar Tractor Co., Peoria, Ill. 
(Mail) Y.M.C.A., 714 Hamilton 


Gaskill, Ellerton F. — Student, University 
of Minnesota (Mail) 2800 Lakeview 
Ave., St. Paul, Minn. 


Guy, Kenneth H., Jr. — Assistant zone man- 
ager, International Harvester Co., Buffalo, 
N. Y. (Mail) 95 Theodore St. 


Phone Van Buren 6-0800 


AMERICAN =SSS;H;H#S#!"_ 


SPRING & WIRE 
SPECIALTY CO. 


Manufacturers of All Type of Coil and Flat 
Springs, Wire Forms, Single and Double Rake 
Teeth and Light Stampings 


816-848 N. SPAULDING AVENUE 
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Harrell, James O. — Patent examiner, U. S. 
Patent Office, Washington, D. C. (Mail) 
120 Oak Drive, Terrell, Texas 


Harriott, Billie L. — Engineering trainee, 
International Harvester Co., Rock Falls, 
Ill. (Mail) Apt. 109, 606 West LeFevre, 
Sterling, Ill. 


Henry, Edwin K. — Junior engineer, Fire- 
stone Tire & Rubber Co., Akron, Ohio 
(Mail) RR 4, Connersville, Ind. 


Jenkins, Arlie J. — Mechanical engineer, 
Timken Roller Bearing Co., 1835 Due- 
ber Ave. S.W., Canton, Ohio 


Johnson, Billy J.—Trainee in maintenance, 
Ralston-Purina Co. (Mail) 4719 Panola 
St., Ft. Worth, Texas 


Johnson, Clayton C. — Engineering trainee, 
Caterpillar Tractor Co., Peoria, IIl.( Mail) 
Aurelia, Iowa 

Johnson, lan M. — Lecturer in agricultural 
engineering, Egerton College, P.O. Njoro, 
Kenya Colony, British East Africa 

Kallaus, Lonnie J. — Chief, engineering 
specifications, International Harvester Co., 
East Moline Works (Mail) RR 1, Daven- 
port, lowa. 


Kuether, Donald O. — Student, University 
of Minnesota (Mail) Wells, Minn. 


Long, Roderick W. — Sales engineer, Cor- 
ner Motor Sales Ltd., Delhi, Ontario, 
Canada 


MacKenzie, Hugh J. — Junior design engi- 
neer, International Harvester Co. of Can- 
ada, Ltd. (Mail) 11 Colwyn Road, 
Toronto 18, Ont., Canada 


Meisel, Arieh—Graduate research assistant, 
Iowa State College, Ames, lowa 


Paine, Myron D. — Student, agricultural en- 
gineering, University of Illinois, Urbana, 
Illinois 

Parish, Franklin J. — Head, division of agri- 
cultural mechanics, Kemptville Agricul- 
tural School (Mail) Box 315, Kempt- 
ville, Ontario, Canada 

Replogle, John A. — Engineering trainee, 
U.S. Soil Conservation Service, Urbana, 
Ill. (Mail) RR 4, Charleston, Ill. 

Sherman, George L. — State conservation 
engineer, U. S. Dept. of Agriculture 
(Mail) 3428 Leonard St., Raleigh, N. C. 


Smith, Harley L. — Sales manager, Pacific 
Supply Cooperative (Mail) Box 1004, 
Walla Walla, Wash. 

Schoemaker, Willis G.—Student, University 
of Minnesota (Mail) RR 1, Kasota, Minn. 


Schurr, George J. — Agricultural engineer, 
Soil Conservation Service, USDA (Mail) 
1707 I St., Belleville, Kans. 


Weitzel, James E. — Test engineer, Interna- 
tional Harvester Co., East Moline Works 
(Mail) Laketon, Ind. 


Whitney, Philip A. — Territorial manager, 
John Deere Plow Co., Portland, Ore. 
(Mail) Route 2, Box 243, Grandview, 
Wash. 


Wilde, Alfred W. — Student, University of 
Illinois (Mail) RR 1, Valmeyer, Ill. 


Zelevinsky, Dan—Engineer, N. Feldman & 
Son, Tel-Aviv, Israel (Mail) 44 Acad- 
Haam St., Tel-Aviv, Israel 


Transfer of Membership 


Ferguson, James E. — Vice-president and 
general manager, Southern Irrigation Co., 
Memphis, Tenn. (Mail) 241 E. Trigg 
Ave. (Associate Member to Member) 


Klingelhofer, Karl R.—Area engineer, Soil 
Conservation Service (Mail) 7653 State 
Rd., Saginaw, Mich. (Associate Member 
to Member) 
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| with choice of over 400 
interchangeable orifice tips 


| 
| 


EXACT 

| PERFORMANCE 

y 

| TO YOUR 

| SPECIFICATIONS le 

i 2,621,078" 

Select TeeJet spray nozzles and orifice tips 

q to be sure of fully effective, lowest cost 

‘ spraying. For every chemical or type of 

1 equipment, there's a TeeJet type and 

‘ capacity to meet specifications exactly. 

’ TeeJet products include nozzles for spray 
boom and broadcast spraying, GunJet and 
Trigger TeeJet spray guns, and strainers 
ond related fittings. 


7 
, For complete information write for Catalog 30 
| 
: 


SPRAYING SYSTEMS CO. 


3226 Randolph Street Bellwood, Ilinois 


STREAM TIP... 


donee 


———eeeeee 


Er alee Si | 


There’s greater per acre yield 


That’s why on farms and ranches across the 
nation . . . around the world, you'll find more RAIN BirDs than 
any other type sprinkler. 
Made with a minimum of moving parts to wear or require 
servicing, RAIN BirDs stay on the job, performing day in 
and day out with maximum efficiency and dependability. 


Remember, if it hasn‘t the name... it 
isn’t the same. Specify RAIN BIRD! 


- NATIONAL RAIN BIRD SALES & ENGINEERING CORP. 


AZUSA, CALIFORNIA 


AINY SPRINKLER SALES” 
601 St. PEOMA, 


= RAIN BIRD SPRINK ER MFC. 0. 
(CANADA) LTD. 


ANCOUVER 4, 8. Ss 
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conquer Stree and Srrain 


... with built-in Stamina 


View of Allis-Chalmers CA tractor 
and forage harvester. 


Young drawn tank radiator used 
on Allis-Chalmers Model CA 
tractor. 


oung radiators are specified for 4 
powerful Allis-Chalmers tractor models 


Torsional stresses, vibrations, high internal water impact pressures 
due to sudden starting and stopping . . . are merely a few of the 
rigorous conditions Young tractor radiators are built to conquer. 
The built-in stamina of Young radiators starts with engineering 
. . . goes through steps of manufacture by specialists . . . and 
finishes with intense laboratory and field tests. Resultant high- 
strength features include: Tanks, headers and core secured as one 
piece by full wrap-around type terne plate side members; double 
lock-seam tube provides strong backbone for entire core; leakproof 
assembly with double-grip, 2-way header with lapped joint solder 
sweated to tanks. Because Young radiators are used where the 
going is tough, they are specified on Allis-Chalmers tractor models 
B, CA, WD45 and WD45D. 

Write Dept. 296-G 


for FREE Catalog 
Put Young (lent ~j 


to work for you... 


Solving heat transfer problems is what we do 
best because it is our very reason for being. You, 
too, can harness the power of Young engineering 
talent. Write, wire or call without obligation. 


RACINE, WISCONSIN 


Cualire HEAT TRANSFER ENGINEERS FOR INDUSTRY 


Heat Transfer Products for Automotive, Heating, Cooling, Air Conditioning Products 
Aviation and Industrial Applications, for Home and Industry. 


Executive Office: Racine, Wisconsin, Plants af Racine, Wisconsin, Mattoon, Minois 
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PERSONNEL SERVICE 
BULLETIN 


Note: In this bulletin the following listings 
current and previously reported are not repeated 
in detail; for further information see the issue 
of AGRICULTURAL ENGINEERING indicated. ‘‘Agri- 
cultural Engineer’’ as used in these listings is 
not intended to imply any specific level of pro- 
ficiency or registration as a professional engi- 
neer. Items published herein are summaries of 
mimeographed listings carried in the Personnel 
Service, copies of which will be furnished on 
request. To be listed in this Bulletin, request 
form for Personnel Service Listing. 


PosITIONS OPEN — 1956 
790. FEBRUARY — 


-JANUARY — 0-534- 
O-4-602, 6-603, 12-604, 
15-605, 29-606. MARCH — 0O-60-608, 60-609, 
71-611, 80-612. APRIL — O-115-614, 117-615, 
117-616, 119-617, 127-618. MAY — O-133-620, 
155-621. JUNE — O-164-622, 165-623, 166-624, 
166-625, 167-626, 159-627, 142-628, 173-629, 175- 
630, 179-631, 181-632, 181-633. 


PosITIONS WANTED—1955—-DECEMBER—W- 


489-58, 480-59. 1956—JANUARY—W-457-60, 
528-61, 529-62. FEBRUARY—W-8-1, 18-5, 30- 
6, 37-7. APRIL—W-50-11, 101-12, 90-13, 96-14, 
43-15, 53-16. MAY—W-125-17, 139-18, 143-19. 


JUNE—W-161-20, 149-21, 122-22. 


NEW POSITIONS OPEN 


AGRICULTURAL ENGINEERS, also me- 
chanical and electrical (several) for work in 
product research, design and development of 
farm implements, farm tractors, industrial 
power tractors and road building equipment. 
Product design, design analysis, research, stress 
analysis, laboratory and field testing. Large 
manufacturer. Midwest locations. Age 20-40. 
BS or MS deg in agricultural or mechanical 
engineering or MS in electrical engineering, 
with mathematics thru calculus and machine 
design courses. Farm background and design 
and testing experience desirable but not essen- 
tial. Ability to work with others and desire to 
work with agricultural implements and farm 
tractors. Variety of excellent opportunities 


for able and ambitious men. 


Salary 
O-183-634 


open. 


AGRICULTURAL ENGINEER (instructor) to 
teach farm structures and farm utilities to agri- 
cultural engicecring students, and_ service 
courses in farm shop, farm machinery, and 
possibly soil and water conservation, at a land 
grant college in the Southwest. MS deg in agri- 
cultural engineering or equivalent, with special 
interest and study in farm structures and 
utilities preferred. BS deg in field with good 
scholastic record and experience may be ac- 


ceptable. Provision for hospitalization, life 
insurance and retirement, including Social Se- 
curity. Opening effective September 1. Reg- 


ular semesters plus 8 weeks summer teaching. 
Salary $5244 minimum to start. O-189-635 


ASSOCIATE EDITOR for trade publication in 
farm equipment field, to make repair time 
studies on tractors as basis for flat rate charge 


scales, write repair procedure and reference 
manuals, etc. Travel about 15 percent of time. 
Midwest location. Age under 50. Working 


knowledge of farm equipment and some actuai 
service experience. Time study and repair pro- 
cedure knowledge essential. Writing ability and 
some camera experience helpful. Established 
publisher. Group insurance, pension plan, etc. 
Salary open but not less than $350 per month 
to start. O-180-636 


IRRIGATION ENGINEER for extension work 
in soil-water relationships, pump plant installa- 
tions, water measurement, distribution systems, 
land preparation and leveling, application rates, 
etc., in a Southwestern state. BS deg in agri- 
cultural, irrigation or civil engineering with 
major in soil-water applications from recognized 
engineering school. Farm background and pre- 
vious professional experience in irrigation. Lik- 
ing and ability to work with associates and 
farm people. Opening to be filled as soon as 
possible. Salary $6500. O-198-637 


AGRICULTURAL ENGINEER, assistant ex- 
tension agricultural engineer rating, for work 
as farm building plan service specialist in a 
Southeastern state. Age 20-30. BS deg in agri- 
cultural engineering with major interest in farm 
structures. Neat, agreeable, cooperative, and 
able to meet public. Excellent opportunity to 
qualify for more advanced extension work or 
job in industry. Opening available immedi- 
ately. Salary $4800 to start. O-215-638 


K160 


6.6 H.P. 
Full Power 
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Short Stroke 


¢ More Power 
© Longer Life 


Kohler Co., Kohler, Wisconsin 


stablished 1873 | it 


UIPMENT ° 


tees eS ulemes 


a 


A Quality Engine for 
Quality Equipment 
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AGRICULTURAL ENGINEERING 


AGRICULTURAL ENGINEER for a position 
in the Agricultural Experiment Station of south- 
western university with the equivalent rating of 
the academic title of assistant professor. Work 
will be in irrigation and soil-water-plant rela- 
tions. Academic training with a master’s degree 
in either agricultural or civil engineering pre- 
ferred. A minimum of 2 to 3 years practical 
experience is extremely desirable. Salary com- 
mensurate with training and_ experience. 
O-216-639 


NEW POSITIONS WANTED 


AGRICULTURAL ENGINEER for design, 
development, service, writing or management in 
power and machinery or product processing 
field, with manufacturer, processor, or distrib- 
utor, preferably in northern California. Married. 
No disability. BS deg in engineering agricul- 
ture, 1955, California State Polytechnic College. 
Student foreman and mechanic, 2 yrs. Assistant 
engineer in tractor engineering hydraulic section 
of major manufacturer, 15 mo. Service in U.S. 
Marine Corps 18 mo. including duty in Korea 
and Japan. Available on 3 weeks notice. Salary 
open. W-190-23 


AGRICULTURAL ENGINEER for extension, 
teaching, or research in power and machinery 
or farm structures field, with public service 
agency. Any location. Married. Age 35. No 
disability. BS deg in agricultural engineering, 
1949, Clemson College. Expect MS deg in 
agricultural engineering in August, University 
of Georgia. Assistant County Agent 5 yr. Ex- 
perience as manager and operator of a farm in 
Southeast, and in custom work with farm 
machinery. Service in U. S. Navy and Naval 
Reserve 2% yr, as radar operator. Available 
Aug. 1. Salary open. W-193-24 


AGRICULTURAL ENGINEER for sales, 
service, or development in power and machinery 
field with manufacturer, distributor or con- 
sultant in USA or Latin America. Married. 
Age 31. No disability. BS deg in agricultural 
engineering 1948, University of Illinois. Experi- 
ence as agricultural engineer, assistant export 
sales engineer, special equipment engineer and 
special equipment manager in export sale of 
farm equipment. War service in Naval Aviation 
Avail- 


Cadet Corps and Naval Air Corps 2% yr. 
Salary open. 


able now. W-214-25 


¢ Less Friction and Wear 


Easy Starting 


K90.......2.5 to 3.6 HP. 
K160......3.6 to 6.6 HP. 


K330.......7 to 11.8 LP. 
K660.......12 to 26 HP. 
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JOHN L. COLLYER 


Portrait by Fabian Bachrach 


“75% of B. F. Goodrich Employees... 
Save $9,000,000 Per Year” 


“B. F. Goodrich people are proud of their many years 
of participation in the Payroll Savings Plan. 75% of our 


employees are members of the Plan, with payroll deduc- 
tions of $9,000,000 a year. 


“Thrift is one of the keys to our continued prosperity. 
It builds security for the family, retards inflation and 
stabilizes the purchasing power of the dollar. I am 
proud that Ohio is a leader in this worthwhile endeavor 
and that it has been my privilege to serve since 1950 


as State Chairman of the Payroll Savings Advisory 
Committee.” 


JOHN L. COLLYER, Chairman 
The B. F. Goodrich Company 


A simple person-to-person canvass that puts a Payroll Savings 
Application Blank in the hands of every employee is all you 
have to do to install the Payroll Savings Plan or build em- 
ployee participation in your present plan. Your State Sales 
Director is ready to help you. Write today to Savings Bond 
Division, U.S. Treasury Department, Washington 25, D.C. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 


AGRICULTURAL ENGINEERING 
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One More Step Toward 
Money-Making Milking 


new OUT E 


all stainless steel 


DAIRY 
SCALE 


60-lb. capacity 
calibrated 
in tenths 


FOR 


wl - Keeping Cow Test- 
ing Records to get 
J rid of the “boarders.” 


2. Matching Feed to 
production. 


© B.B.C. 1956 


SEE YOUR 
SURGE DEALER 


512 


100 North LaSalle St. 


Tel. CEntral 6-2184 
New York 17: 

BILLINGSLEA & FICKE 

420 Lexington Ave. 

Tel. LExington 2-3667 
Los Angeles 43: 


Justin HANNON 
4710 Crenshaw Blvd. 


Agricultural Engineers Yearbook 
Copies of the current edition of 


AGRICULTURAL ENGINEERS YEARBOOK 
are available at $5.00 per copy postpaid. 
Send order with remittance to 


American Society of Agricultural Engineers 
St. Joseph, Michigan 


Tel. AXminster 2-9501 


TRACTOR BOOK 


Development of the 
Agricultural Tractor 
in the United States 


By R. B. Gray, U.S. Department of Agriculture 
$2.00 postpaid 


This book (1) assembles in chronological order 
the events and dates relating to the establishment, 
merger, discontinuation, or reorganization of steam 
traction engine and gas tractor manufacturing com- 
panies, and (2) supplies brief specifications of 
many of the tractors they produced. The first sec- 
tion of the book briefly discusses mechanical farm 
power from its inception up to 1920; the second 
section covers development of both wheel and 
track-type tractors up to 1950. The book is pro- 
fusely illustrated. 


Order copies from 


AMERICAN SOCIETY OF AGRICULTURAL ENGINEERS 
P.O. Box, 229, St. Joseph, Michigan 


AGRICULTURAL ENGINEERING + JULY * 1956 
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In any language TORRINGTON 


NEEDLE BEARING means high capacity! 


From Kalamazoo to Calcutta, the 
Torrington Needle Bearing is synony- 
mous with high capacity in minimum 
space at low cost. 

The unique capabilities of the Needle 
Bearing have won it world-wide ac- 
ceptance, established it as ‘“‘standard 
equipment”’ in products made all over 
the globe. 

The Torrington Needle Bearing wins 
anti-friction assignments in so many 
places because of its unusually compact 
design—a full complement of free-run- 
ning rollers retained by a thin hardened 
shell which serves as the outer race. 


This design affords more lines of con- 
tact, and thus greater radial load 
capacity than other bearings of the 
same size. 

As important as the Needle Bearing 
itself is the knowledge and experience 
our Engineering Department places 
at your disposal. With thousands of 
successful applications behind them, 
Torrington engineers are eminently 
qualified to show you the benefits of 
Needle Bearings in your products. 

See our new Needle Bearing Catalog 
in Sweet’s Product Design File—or write 
direct for a catalog. 


THE TORRINGTON COMPANY 


ANNIVERSARY / 


66-7 


Torrington, Conn. + South Bend 21, Ind. 
District Offices and Distributors in Principal Cities of United States and Canada 


TORRINGTON BEARINGS 


Needle » Spherical Roller « Tapered Roller « Cylindrical Roller + Ball + Needle Rollers 


TORRINGTON 
NEEDLE BEARINGS 
Give you these benefits 
© low coefficient of starting and 

running friction 
© full complement of rollers 


@ unequalled radial load 
capacity 


© low unit cost 
@ long service life 
® compactness and light weight 


eruns directly on hardened 
shafts 


@ permits use of larger and 
stiffer shafts 
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New capacity-packed TIMKEN’ bearings 
save space and weight, cost less 
than previous bearings of same bore sizes 


TYPICAL 
OLD 
DESIGN 


ERE’S big cost-saving news if 
you use bearings in %”,?%2”, 
1%” or 1%” bore sizes. 

The Timken Company has de- 
signed four new tapered roller bear- 
ings that take up less space, weigh 
less than previous bearing designs 
and cost less! They’re packed with 
Capacity, too—no bearings have 
ever delivered so much capacity in 
so little space. 

If you now use tapered roller 
bearings of these bore sizes you can 


enjoy big savings two ways by re- 
designing for the new Timken® 
bearings: savings in bearing cost 
and, because the bearings are 
smaller, savings in related parts. 

The new Timken bearings also 
make it possible for you to enjoy 
the advantages of tapered roller 
bearings in many additional appli- 
cations—and at minimum cost. 

In less than a year, industry has al- 
ready designed well over 11,000,000 
of the new Timken bearings into 


NEW, 
SPACE-SAVING 
DESIGN 


its products. Why not re-examine 
your bearing applications today 
to see if you, too, can reduce 
the manufacturing cost of your 
products, or improve their per- 
formance, or both, by adopting the 
new low-cost Timken bearings. 
Bearings and all auxiliary parts are 
immediately available. Write: The 
Timken Roller Bearing Company, 
Canton 6, Ohio. Canadian plant: St. 
Thomas, Ontario. Cable address: 
*““TIMROSCO”. 


TIMKEN ... your number 1 bearing VALUE 


TAPERED ROLLER BEARINGS 


NOT JUST A BALL (NOT JUST A ROLLER (— THE TIMKEN TAPERED ROLLER (— BEARING TAKES RADIAL @ AND THRUST --(])~ LOADS OR ANY COMBINATION “wy 


Ri eros Pee eer qa RN CE OE LC LC I ATT ET TT TT Tip: > gma ee ea er aE =F ng i he ih. , 
ess : 
mesa : : 
ieee “ : 
cot 
ener : ; 
ys 4 4 ~ é ui 
ee : = 
hb bys hd 
pete on 
7a : if 
oe : t 
oy pis 
es es Be 
ae aos F 
saan es eae 
Bhi PSO 
7 aa - 
ae i 
ae 5 ilies: 
Bee Sowers 
SNe te : jae 
sie ve 
pad Pat, a 
es aoe 
Ese Bes 
pene 1 ERR 
ee ae 7 a 
ponds an —— ea 
iaiet .  caggmmmmmene ibs 
o-—_Z ; pCi Be oa 
teas ot £ : — xf. a4 
g ma ill Chee 
Ae ee wae ‘ Tees 
el ‘ r ae ees ; 
ae ‘. er eee ce: 
ae? ' . , ee Tae 
i ae ’ 4 _ ‘ 
Pee i ; 7 h Zé ~~ \ ie 
a he | y “4 4 Z a i . \ ey as 
ages : FF inti. a. 7 Phd Se 
pl f ‘ \% : i ase 
S a ' 4 4 Mos * 
ae i A & be ‘¢ 
nn | q i : cant 
Brae | q | ed a 
ey } q | " es 
uk | secccininecertet aes 
ie | meme Ee | ie 
pas: P 
ioe i F | - 
oa ‘ i i fe 
ate ; ; ‘ ew 0 
ee, ‘ ; i D cceeemeeite | ; 
tee i ; 2 " : 
hee | , i 3 : = 
ae : ee. ene eS 4 ee et 
oe ; : a j peti 
i ; 7 ected _ ’ Rt one de 
ss . an mit — —— 7, Bie Hae 
er: : ae “ ae ee . : tay is ? 2 eet aed 
ee : ue : : ee ares 
Pen < ; ‘ Z & 4 Pea ae Veet 
ou ; Se Pre : 4) Saeeeies 
SF , — _ | ecmety gi —_w: le, ge 
oe Ne di ~ _ ie Sta. anaes 
ee Ny d a ig ia q uae, 
5s ane a Vitter ae ee i ad 
re = . . —_ : re) 
: a ‘SG an cae 
oe . % 
ga an . ey oy iia SS 
pi ' “Mele . 7. = = Smee 
ve: r tr _— i + ae 
ae ; q e é i Pea 
$3, % ‘ 4 bial me i ‘ heat <3 
ae : : j pits ee 
= a . *Y as a; my : 
a eet 
Bie i : 
1 cia 
wae 
$a : 
re a z 
=> J . a aa a cee n+ eae eee centetnReeenete nets porenaeetine — - —— | a Sea a 
at en: 
-- * i ; : 
a et 
a. 
ee he ioe 
Teeth: Pees 
Bre see 
Sh ones tee ed 
0 ee eee 
a a a ‘ ie ae 
<r a yiege: 
Bec : cet 
eee a Waa’ 
ee Pc! # <loe 
ees ee 
ee a 
ae me 
ae ; Sa 
poets gi Fa 
gasses Sve ae: 
Bias % Bot 
ae Sa See 
ny i Boe 
a oe Lis 
Rk oe Tait: , eee 
i a : 
a. Pee as 
eS: i 
Ge: ae : 
2 aoe 
eee Fi _ 
ge ia 7A 
ra d 
o Cet a. 
a ‘a Ba 
eae eter 
ee = a 
a oe : 
ie c Wee 
es, Or ie 
og Tanta 
cakes ie ; ht eae 


